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BATTERY OF ACME-GRIDLEY BAR AUTO- 
MATICS MADE BY THE NATIONAL ACME 
COMPANY. THESE MACHINES SHOWN ON 
TEST FLOOR ARE EQUIPPED FULLY WITH 
CUTLER-HAMMER MOTOR CONTROL. 


CINCINNATI 20” RAPID TRAVERSE SHAPER 
"PBR vE BY THE CINCINNATI SHAPER CO. 
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CUTLER-HAMMER MOTOR CONTROL IS 
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PACIFIC PORTABLE TRUCK LOADING 
HOIST MADE BY HOIST DIVISION, RUSH- 
LIGHT'S, INC. CUTLER-HAMMER CONTROL 
IS STANDARD ORIGINAL EQUIPMENT. 


NRM MODEL 50 TIRE BUILDING 
MACHINE MADE BY THE NA- 
TIONAL RUBBER MACHINERY CO. 
CUTLER-HAMMER MOTOR CON- 
TROL IS STANDARD ORIGINAL 
EQUIPMENT. 


Syuouyme for Satirpactiou 


When products gain such widespread approval 
that they are accepted as the standard for 
comparison, it can be truly said that the names 
by which they are known are synonyms for 
satisfaction. That position of genuine leader- 
ship is never a mere happenstance. It can stem 
only from superior product performance. And 
this outstanding performance is invariably the 
result of strong and rigidly enforced policies 
governing product quality. Without such poli- 


cies, leadership can never be won. Without 
them it can never be upheld. Probably nothing 
shows both the force and effect of these policies 
more clearly than the care with which leading 
machinery builders select the electrical equip- 
ment which becomes so much a part of their 
products’ performance. CUTLER-HAMMER, Inc., 
1310 St. Paul Avenue, Milwaukee 1, Wisconsin. 
Associate: Canadian Cutler-Hammer, Ltd., 
Toronto, Ontario. 
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Cher the Foard 


Donates Machine Design Check 


We experienced a warm glow 
upon reading a news story in the 
Lynn (Mass.) Item of June 25. 
The story tells how the newspa- 
per’s Worcester Tornado Relief 
Fund was boosted by a check pre- 
sented by Isaac F. Kinnard, man- 
ager of engineering, Meter and In- 
struments Dept. of G.E.’s West 
Lynn Works, going on to say: 

“Behind this gift is a heart- 
warming story of generosity and 
public spirit on Mr. Kinnard’s part. 
It will be recalled that the gifted 
G.E. executive was recently pre- 
sented the Lamme Gold Medal of 
the American Institute of Electri- 
cal Engineers, one of the choicest 
and most coveted awards in the en- 
gineering profession .. . 

“The award added to his national 
reputation and this month the 
Lynn engineer won further recog- 
nition when MACHINE DESIGN, a 
top magazine in the engineering 
and designing field, published an 
article by Mr. Kinnard on “Success- 
ful Product Design” in its June 
issue .... The magazine editors 
were so impressed with the excel- 
lence and thoroughness of the ar- 
ticle that they paid Mr. Kinnard 
$160 for it. Mr. Kinnard, in turn, 
decided the best use to which he 
could put the check would be to 
turn it over to the Item’s Worcester 
Tornado Relief Fund. He made a 





special trip to the /tem office with 
Carl Svenson [seen holding copy 
of MACHINE DESIGN], who has as- 
sisted him in working out the phil- 
osophy expounded in the article, 
endorsed the check to the Item 
fund and handed it personally to 
Charles E. Gallagher, managing 
editor [seen standing at right of 
picture ].” 


This Month's Cover 


Ever stop to think how the oil 
film in a bearing would look if the 
bearing were removed before the 
film fell apart? Through the magic 
of artist George Farnsworth’s 
brush we are able this month to 
reveal such a film in its true form 
and color. Only the ghosts of the 
journal and bearing remain. The 
cover picture highlights the theme 
of Wilcock and Rosenblatt’s article 
on “Nomographic Method for 
Sleeve Bearing Design” which be- 
gins on Page 143. 
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One in the Hand or Two in the Bush? 


N THE CURRENT mad scramble for engineering manpower, starting 

rates for engineers just out of college now average an all-time high of 

$375 per month. While such recognition of the value of engineering 
talent is gratifying, what does it do to the salary structure of engineering 
departments that include men of experience who were hired at starting 
rates of $125? 

Karl B. McEachron recently told the American Society for Engineering 
Education that proper adjustment in salaries of experienced men to main- 
tain ratios that are fair and just will soon become impossible if the trend 
continues. Using the criterion that the present salary of a professional man 
with fifteen or twenty years experience should be at least double the present 
starting rate for new graduates, coupled with the fact that starting rates 
themselves have trebled in fifteen years, he draws a salary curve for such 
an individual which appears, as he puts it, almost asymptotic—a sixty-four 
dollar word for reaching toward infinity. 

If engineering organizations are to function in a normal manner and 
continue attracting competent men there must be a reasonable spread be- 
tween salaries of experienced and inexperienced engineers, as well as con- 
siderable latitude for granting merit increases. The present trend spells 
trouble in these respects unless management comes to grips with the 
situation. 

Engineering executives should take a long hard look at their existing 
setup and attempt to answer realistically such questions as, “Shall we hire 
ten new men or can we do better by hiring only five and raising the salaries 
of our experienced men?” Such an attitude, if universally adopted, could 
go a long way toward easing the apparent manpower shortage, and keeping 
starting rates within reasonable bounds. 

Current publicity on the alleged shortage of engineering manpower 
overemphasizes quantities of engineers and underemphasizes quality. In 
the race for quantity let’s not overlook the quality that may be already 
available in seasoned engineering employees. A dollar spent developing 
that quality may be worth two spent acquiring quantity. He was himself 
a wise old bird who said that a bird in the hand is worth two in the bush. 
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SIMPLIFIED LIMIT 


Fig. 1—Chart outlining the basic 

ilot +2 system for holes. To 

Sees 

size o e 

tions) and divide inno the Hianie 

For tolerance, add 2 and multiply 
by the class number 


Based on actual prac- 
tice, this proposed new 
system offers many 
unique engineering ad- 
vantages, reconciling 
the inherent opposition 
to present complex sys- 
tems and incompatibility 


By F. W. M. Lee, Managing Director, Pilot Plug Gauge Co. Ltd., Coventry, England 


T HAS been apparent for a long time that a com- 
prehensive fit and limit system, embracing the 
whole of the engineering field, would be both de- 

sirable and invaluable. But, it has been generally felt 
that if a system could be evolved, and in view of the 
many aspects it would have to embrace, it would be 
both unwieldy and complicated. However, such has 
not been the case and in this article a recommended 
simplified limit system will be proposed. 

In a short article, space will not allow reference to 
the research that was undertaken in arriving at the 
final design, except to say that many systems were 
analyzed and superimposed upon one another graph- 
ically to see if they had any common features. Be- 
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cause there were none, it became abundantly clear that 
amy proposed system had to be based upon a new 
conception in keeping with modern requirements. 


Practical Magnitudes of Tolerance: In order to as- 
certain the tolerances generally employed in engineer- 
ing today, nearly 10,000 limits on gages of recent 
manufacture were analyzed. From this analysis, a 
wealth of information concerning actual limits was 
obtained and, with these tolerances in mind, a new 
system—called the Pilot +2 system—constructed 
upon a number of practical ideals was designed. These 
ideals are not necessarily placed in order of impor- 
tance, but are so arranged that they will assist in 
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SYSTEM 








Fig. 2—Complete layout of 
the new system as applied 
to shafts and Fig with 


running and interference fits 





the logical development of the system. 


Ideal 1—A Unilateral System: The unilateral sys- 
tem is based upon a standard hole and the diameter 
of the shaft varied to give the requisite fit, as opposed 
to the bilateral system in which the shaft is made to 
a standard and the hole varied to provide the fit. For 
engineering reasons, it is easier to vary the diameter 
of a shaft than it is to alter the size of a hole and this 
very practical fact indicates that an ideal system must 
be unilateral. In support of this conclusion, the dom- 
inating tolerance systems are unilateral. 

The Pilot +2 system is therefore unilateral, by 
which is meant the smallest diameter of the hole is 
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never less than the basic diameter and the tolerance, 
or the amount of error which will be tolerated, is al- 
ways in a plus direction. That is, the largest diame- 
ter to which the hole may be made is greater than the 
basic size of the hole by the tolerance. 


Ideal 2—Suitable Tolerances: As mentioned, nearly 
10,000 gage limits were analyzed and details of this 
task cannot possibly be shown here. Only inspection 
of the chart which follows will indicate whether ade- 
quate tolerances have been provided for any particu- 
lar product. It is felt that this ideal is attained. 


Ideal 3—Simplicity: A simple system must permit 
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several important considerations: (1) Calculation of 
any tolerance for any class or diameter of hole men- 
tally; (2) memorization of the table for the smaller 
ranges, of which 98.4 per cent of limited holes are be- 
low 4 inches in diameter; and (3) understanding of 
system fundamentals by an apprentice in a few min- 
utes. 

In Fig. 1 is shown the tolerance table for classes 1 
to 6 and diameters from 0 to 6 inches, arrived at by a 
simple calculation ensuring that as the diameter of the 
hole increases, the tolerance also increases and as 
the class of the hole becomes progressively coarser, 
the tolerance steps also become coarser. The table is 
constructed upon three essentials: (1) Use of a con- 
stant 2 for calculation; (2) class or quality of the 
hole; and (3) diameter. Interplay of these three fac- 
tors ensures that the above mentioned requirements 
are fulfilled. 

To calculate the tolerance, the constant 2 is added 
to the inch diameter of the hole and this sum is mul- 
tiplied by the class number of the hole. Thus, a 1-inch 
diameter, Class 2 hole tolerance is: 1 + 2=-3 x 2= 
6 tenths tolerance. A 2-inch diameter, Class 4 hole 
tolerance is: 2 + 2 = 4 X 4 = 16 tenths tolerance, or 
1.6 thousandths. For diameters of 0.125-inch and less 
the class number is the tolerance in tenths. 

For holes above .125 inch and below 1 inch in di- 
ameter the tolerance is obtained thus: 0 + 2 = 2 x 
the class number = the tolerance in tenths. 

Examination of the table, Fig. 1, shows that for 
the listed hole ranges the tolerance increases with 





class in the following graduated steps: 


0 -0.125 in steps of 1 tenth. 

0.126-0.999 in steps of 2 tenths. 
1 -1.999 in steps of 3 tenths. 
1.999-2.999 in steps of 4 tenths. 


and so on. The table can therefore be memorized, and 
the method of obtaining the tolerance explained in a 
matter of minutes, 

It will be noted, apart from the modification of 
0.125-inch downwards—incorporated for the use of 
the instrument, watch, clock, and similar areas—that 
the value of the tolerance changes at nearly 1 inch 
intervals (1 to 1.999 inches) fractional sizes of an 
inch being ignored. The soundness of this method 
need not be elaborated here. 

It will thus be seen that the Pilot +2 system toler- 
ances can be calculated mentally, can be memorized, 
and simply explained to an apprentice in a matter of 
minutes. 


Ideal 4—Minimum Total Tolerance Range: Al- 
though only six classes of tolerances are shown in Fig. 
1, there is no theoretical limitation to the number of 
classes provided. Industry, however, has already de- 
cided this criteria, for it has been found by investiga- 
tion that Classes 3, 4 and 5 are the most popular. 
This is a general assertion and must be modified to 
suit the particular product. In one case, Classes 2, 3, 
and 4 might be stipulated as suitable for design of 
machine tools, and in another with less exacting re- 


Fig. 3—American tolerance table constructed with gage catalog data compared 
to the basic Pilot system to show close similarity of actual practices 
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quirements the coarser tolerances of 3, 4, and 5 could 
be used. 

The desirable range must be decided by the individ- 
ual firm concerned. It might be suggested, however, 
that in specifying, for instance, Classes 3, 4, and 5 
only may be used, tighter tolerance being permitted 
only by special permission from the Design and Pro- 
duction Departments. In this way, limits which are 
unnecessarily tight and have no bearing upon design 
or production requirements will be avoided and pre- 
vented from being perpetuated and increasing pro- 
duction costs. 


Ideal 5—Tolerances for Shafts: The complete lay- 
out of Fig. 2 shows the system as applied to shafts 
and holes. It will be noted that class tolerance lines 
exactly similar to the hole tolerance lines above the 
basic line are provided below the basic line. These 
shaft lines are calculated in precisely the same man- 
ner as the hole tolerances, so that the tolerances 
Fig. 1 could be literally turned upside down and serve 
two purposes. The question of shaft tolerances will 
not be pursued here, as a full explanation with ex- 
amples, will be given in the following discussion. 


Ideal 6—Mental Picture of Fits: Here it would be 
well to recall that with a unilateral system, the 
smallest diameter of the hole—subject to qualification 
later—is never less than the basic diameter. In any 
fit, the smallest diameter of the hole is the dominat- 
ing dimension, so it is the nominal or basic diameter 
of the hole which must be kept in mind when decid- 





SIMPLIFIED LIMIT SYSTEM 


ing a fit. To make this clear, three types of well 
defined fits will be considered. 

RUNNING Fit: It is assumed a 1 inch diameter hole 
has been produced to its smallest size of exactly 1 
inch in diameter, and a shaft is required to run in this 
hole with a minimum clearance of three tenths and 
a maximum clearance of six tenths. Reference to 
the class lines below the basic line for 1 inch diameter 
indicates that this particular shaft can be described 
by the figures 1 and 2, of which 1 is 3 tenths below 
the nominal line, and 2 is 6 tenths. In the Pilot + 2 
system, the nominal line is indicated by means of an 
oblique stroke / and since the shaft of a running fit 
is less in diameter than the smallest or nominal size 
of the hole, the class number controlling the size 
of the shaft would be placed to the right, or minus 
side, thus, /12. 

Because the largest diameter of the hole is con- 
trolled by the class number, or in other words the 
tolerance, the hole is then perfectly described in the 
case of a Class 1 hole by 10/. The 0 or zero is the 
nominal size irrespective of class or diameter, from 
which it follows that only one number, the class num- 
ber, is required to describe the hole, since the other 
number is always zero and can be ignored. 

The running fit can now be written 1/12, of which 
the first 1 is the Class 1 hole, and the 12 a shaft 
which is a minimum of 3 tenths, and a maximum of 


Fig. 4—Equivalent chart of American and Pilot tolerance 
systems. Exact equivalents exist in many cases and slight dif- 
ferences are of little practical importance except in three cases 
with XX grade. Minus sign indicates smaller Pilot tolerance 
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6 tenths smaller than the nominal size, and therefore 
has the desired clearance. 

INTERFERENCE Fits: In a similar manner, an in- 
terference fit would be written 123/ in which, by 
usage, the first number is the Class 1 hole and 23 
the shaft. In this case, the shaft is to the left or 
plus side of the nominal line, which means it is 
bigger than the hole because the class numbers con- 
trolling its size are numerically greater than the class 
number of the hole. 

TRANSITION FIT OR SELECTIVE ASSEMBLY: By the 
same reasoning, a selective assembly fit is written 
110/ from which it is immediately apparent that the 
hole and the shaft have the same tolerances and must 
therefore be mated. The fit of the hole described in 
the above manner should be incorporated in the as- 
sembly or subassembly drawing, and the actual toler- 
ances stated on the component drawing. 


Ideal 7—Ball and Roller Race Housing Tolerances: 
Ball and roller race housings require three types of 
holes: (1) Oversize; (2) transition or bilateral; and 
(3) undersize holes. This system, being essentially a 
unilateral system, would not be complete if it could 
not provide suitable tolerances for ball race housings. 
Before proceeding, it is necessary to define the types 


of holes required: 


1. Oversize. The maximum permissible diameter and 
the minimum diameter of the hole are both larger 
than the nominal size of the ball race to be used 
in it. 

2. Bilateral. The maximum size is greater and the 
minimum size less than the nominal diameter of 


the ball race. 
3. Undersize. Both diameters are smaller than the 
nominal outside diameter of the ball race. 


With an oversize hole the smallest diameter of the 
hole is larger than the basic diameter, and therefore 
zero or 0 will not describe the minimum diameter. A 
number, which is the class number, is used to say how 
much the smallest diameter is larger than the basic 
diameter and therefore an oversize hole requires two 
numbers to define it. 

In this system, since two numbers are used to 
describe a shaft, a prefix B is used to designate a bear- 
ing hole. An example will make this clear: It is re- 
quired to describe a bearing hole for a 1% inch out- 
side diameter ball bearing with an easy sliding fit of 
+ 24 tenths top limit, and + 12 tenths bottom limit. 
From memory, this will be a Class 8 and Class 4, or 
by calculation, 24 divided by 3 = 8, 12 divided by 3 = 
4. Because both are plus and therefore to the left of 
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the oblique stroke, the bearing hole would be described 
accurately by B84/. In a similar manner a bilateral 
hole could be described by B2/1, and an undersize hole 
by B/14. 

One of the salient features of the system is the men- 
tal picture conveyed by the position of the class num- 
bers relative to the oblique stroke or basic line, indi- 
cating the category of the hole. Also, the magnitude 
of these numbers immediately shows the type of fit 
between the bearing and its housing. 


Ideal 8—Manufacturing Tolerances for Gages: The 
usual practice of allowing the gagemaker 10 per cent 
of the limit as a manufacturing tolerance in a positive 
direction on the go end is adopted. Also, the 10 per 
cent manufacturing tolerance should be split on the 
not go end as shown in the following example: The 
gage to be made is nominally 1 inch in diameter with 
a 0.001-inch, or in other words, 10 tenths limit. Since 
10 per cent of the tolerance can be allowed in the 
manufacture of the go end and, as already mentioned, 
this is used in a positive direction, the go end can be 
to a minimum size of exactly 1 inch in diameter, and 
a maximum size of 1 inch plus one tenth. 

Here it must be stated that it is always the en- 
deavour of the gage manufacturer to make the gage to 
the 1 inch plus one tenth, or top-limit diameter, with 
the objective of giving the maximum wear allowance 
or life. 

Turning to the not go end, the manufacturing toler- 
ance is split, that is to say, the not go end may be 5 
per cent of the limit larger than its theoretical size of 
1 inch plus one thousandth, or smaller than this size 
by 5 per cent of the limit. 

Here again, the gage manufacturer endeavours to 
keep the gage up to the top limit, or its greatest per- 
missible size, in this way ensuring that production has 
the greatest possible tolerance. 

No mention has been made of “Workshop” and 
“Inspection” gage tolerances, for the reason that they 
are considered to be correct in theory, but impossible 
in practice. A new workshop go end is very slightly 
larger than its inspection counterpart but, owing to 
the more severe conditions under which the shop gage 
is used, wear is more rapid with the result that it is 
smaller than the inspection gage in a very short time, 
thus completely reversing this consideration. It may 
be argued theoretically that frequent inspection of the 
gages will prevent this, but in practice it must be ad- 
mitted that such an ideal state is seldom, if ever, at- 
tained. With this in mind, and the fact that sharing 
the tolerance between inspection and shop robs the 
operator of much needed assistance, the Pilot + 2 
system employs only one manufacturing tolerance. 

In the chart, Fig. 2, of the complete system it will 
also be noted that the maximum manufacturing tol- 
erance has been confined to two tenths, and this will 
be referred to later. 


Ideal 9—Go Gage Wear Below Nominal: Estab- 
lished practice that the go end, the wearable member, 
should be allowed to wear a maximum of 10 per cent 
below the basic size before withdrawal from service is 
employed. To illustrate conditions in use, an example 
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with comments would serve a useful purpose. 

A 1 inch, Class 1 gage has a limit of 3 tenths, and 
10 per cent of 3 tenths is 3 hundredths of a thou- 
sandth, or 30 millionths. Under these circumstances 
the go end would be allowed to wear 30 millionths 
undersize, or below the basic diameter, before with- 
drawal from use. Since a certain amount of clear- 
ance under production conditions between the gage 
and the hole is required, it might justly be claimed 
that the hole will be, to all intents and purposes, size. 

In the case of a 1 inch diameter gage with 0.001- 
inch or 10 tenths limit, the go end would be allowed to 
wear one-tenth below the basic diameter of exactly 
1 inch. Space will not allow further explanations; 
suffice to say that this method is widely adopted in 
the engineering industry. 


Ideal 10—American Limits: If this ideal can be ful- 
filled, then two important requirements are met: (1) 
Interchangeability is unaffected; and (2) American 
gages are not scrapped. 

In American gage trade catalogs, particulars are 
given of the manufacturing tolerances for gages made 
to different grades of accuracy designated XX, X, Y, 
and Z. Since the practice of allowing 10 per cent of 
the limit in a‘plus direction on the go end as a manu- 
facturing tolerance and + 5 per cent of the limit on 
the not go end is adopted, a tolerance table can be 
constructed, Fig. 3. 

Below the American tolerance table is placed the 
Pilot + 2 system from which it will be noted that 
there is a remarkable resemblance in the tolerance 
values employed. Further inquiry indicates, however, 
that the diameter steps at which the tolerance changes 
take place in the two systems are at variance, but 
this does not present a problem of practical magni- 
tude. The similarities of the two systems as they now 
exist are so definite that the following is of interest: 


XX Grade Exact equivalents 71% 
One tenth difference 28% 
X Grade Exact equivalents 75.3% 
One tenth difference 12.3% 
Two tenths difference 12.4% 
Y Grade Exact equivalents 63.2% 
One tenth difference 36.8% 
Z Grade Exact equivalents . 87.6% 
One tenth difference 12.4% 


The percentages given are for holes 4 inches in diame- 
ter and less which, by investigation, comprise at least 
98.4 per cent of all limited holes. 

Exact equivalents for American tolerances are 
found in the new system to a very high degree as will 
be seen in Fig. 4. In the few cases where differences 
do arise, their magnitude is small when compared with 
the total tolerances employed and of no practical sig- 
nificance, the exception being three instances in the 
XX Class. 

The replacement tables, Fig. 5, detail equivalents 
for American and BSI “U” tolerances from which it 
will be rightly assumed that the Pilot + 2 system sup- 
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plies the very important and extremely desirable con- 
nection between American and British practice. 


Ideal 11—Gage Requirements: Reference has al- 
ready been made to an upper gage manufacturing 
limit of two tenths on the go end, and to conserve 
space, the user’s point of view only will be considered. 
A gage with a 5 thousandths limit under the 10 per 
cent rule could have a maximum of 5 tenths, or - 
thousandth wear allowance—in other words it could 
be this amount larger than the nominal size. Again, 
under the 10 per cent rule applying to the amount 
the gage can be allowed to wear below the basic size, 
another half-thousandth is available for increasing 
the life of the gage, or a total of 1 thousandth which 
by all standards of reasonableness is too great. 

It will therefore be seen that if the maximum wear 
allowance above the basic size is confined to 2 tenths, 
then such a go gage end will be suitable for any class 
of hole whose limit is 2, 3, 4 thousandths or larger. 
This limitation reduces the cost of the gaging system, 
for it will be apparent that in the ideal situation when 
the go and not go gages are separate, as in larger 
sizes, one go end can be used for any hole with a tol- 
erance of 2 thousandths and above. A series of not 
go gages only will be required to control the maximum 
size of the hole. 


Ideal 12—Color Coding of Classes: Reference to 
Fig. 1 indicates that red is used for Class 1 gages, 





green Class 2, blue Class 3, amber Class 4, black Class 
5 and above. This is carried into effect by using col- 
ored anodized aluminum handles which ensure that 
the gages are recognized instantly 


Ideal 13—Reduction of Scrap: It is well known that 
a new, keen reamer cuts big, and let it be assumed 
that the hole is % inch in diameter and has been cut 
8-tenths oversize, or in other words, a Class 4 hole. 
Under the color code, it follows that by painting the 
reamer amber between the top of the flutes and the 
shank, or by slipping on a colored synthetic rubber 
band, the reamer is immediately labelled as one cut- 
ting an 8-tenths oversize hole. As the reamer wears 
and the hole becomes progressively smaller, the color 
is changed at the various tolerance grades until red 
finally appears making it the most valuable reamer 
in the shop. In this way reamer life will be increased 
and scrap avoided. 


Summary: Design of this new simplified system of 
limits was only finalized after an extensive and illu- 
minating analysis of actual tolerances used through- 
out a wide cross section of industry. Thus, based on 
real engineering practice rather than theoretical sup- 
positions, it solves in an eminently practical manner 
a knotty problem which has been with us too long. 
It is hoped that its utter simplicity and completeness 
will lend an attraction that, along with its high com- 
patibility, will foster its widespread adoption. 





U™= OF stamped-in colored plastics film tape to 

provide recessed lettering in aluminum handles 
has increased production by 39 per cent and reduced 
labor costs by 33 per cent. Previously, the letters had 
been stamped and then spray painted. 

Handle output was 18 per man hour, and three em- 
ployees were required for the earlier process, which 
included: (1) Application of a strip of paper masking 
tape, (2) Stamping of an impression through the tape, 
(3) Removing the masking tape from the recessed let- 
ters, (4) Spray painting the recessed letters, with the 
tape remaining on the handle acting as a mask, and 
(5) Removing the masking tape. 


Stamped Tape Replaces Painted Letters 






Two men now produce 25 handles per man hour us- 
ing a three-step process: 


1. Applying a 1% by 9-inch strip of yellow 3M plas- 
tic film tape. 


2. Stamping the letters through the plastic tape. 


3. Stripping off the tape remaining on the surface 
of the handle. 


Tape stamped into the handle to a depth of approx- 
imately 1/16-inch remains in the handle, giving color 
to the letters. Additionally, the tape is resistant to 
acids, alkalis, water, salt water, alcohol, and hydro- 
carbons such as gasoline or kerosene. 
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CANNING the field 





Miniature GEAR COUPLINGS, molded of nylon, simplify maintenance 
and assembly problems and reduce noise in fractional horsepower drives. De- 
veloped by John Waldron Corp. for bores in the % to %-inch range, a three- 
piece assembly consisting of two molded hubs and a molded connecting sleeve 
provides a flexible shaft connection which can be operated under misalignment. 
Torque capacity of the largest coupling, %4 inch hub bore, is over 1100 pound- 
inches. Set-screw and keyway mounted, the coupling is light in weight and 
requires no lubrication. In addition to the cost reductions afforded through 
| molding, the resilient nylon construction damps shock and vibration, resists 
; abrasion and corrosion, acts as an electrical insulator and will withstand tem- 
peratures up to 250 F. 
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Accurate LOCKING for preload or position of antifriction bearings 
without washers or keyways eliminates shaft discontinuities and assembly 
problems. Employing a locking elastic collar, the Shurlok bearing nut 
permits close-tolerance setting of bearing preload and service adjustments 
for wear takeup. Removal and reinstallation of the nut can be made up 
to ten times without loss of adequate locking torque. 


Villa 


—_ 
Wt, x 


Ze | | 
+ NSS CEA 


























MACHINE DESIGN—August 1953 














MACHINE DESIGN—August 1953 






Hicu-rressure CONTROL of gas flow to 
and from rocking chemical vessels operating at 
3,000 to 60,000 psi is accomplished with a novel 
spiral tubing design developed by the Superpres- 
sure Div. of American Instrument Co. Employ- 
ing %4-in. OD stainless steel tubing, the design 
permits pressurizing of chemical reaction agi- 
tator chambers seesawing through an arc of 


[NsTaANTANEOUS SPEED SENSING in an 
automatic control system for hydraulic aircraft 
brakes eliminates skidding and reduces mainte- 
nance and tire wear. The Hytrol system devel- 
oped by Hydro-Aire Inc. employs an inertia fly- 
wheel, mounted in the aircraft wheel and driven 
through a slip clutch, to detect rotational speed 
as well as the rate of speed change. Signals 




















about 30 degrees at rates of 26 to 58 times per 
minute. In addition, the flexibility achieved al- 
lows the reaction vessel to be swung into a ver- 
tical position, head up or down, for filling or 
emptying operations. Eliminating the packings 
and glands usually required, the design assures 
gastight sealing and facilitates assembly and 
maintenance. 


transmitted to a control box and solenoid valve 
relieve and reapply metered brake pressure to 
prevent skidding and wheel locking. On-off 
braking at rates up to three times per second 
are achieved. Incorporating a fail-safe action, 
the system is employed as an auxiliary to the 


regular braking system and can be switched on 
or off at any time. 










































































HE HIGHLY demanding nature of helicopter 
I performance imposes several general design re- 
quirements upon all components of the drive 
system. Perhaps the most difficult requirement is 
the problem of designing a drive system that will 
deliver approximately 80 per cent of full power for 
90 per cent of service life and still operate efficiently 
for long periods of time without malfunctioning. Next, 
the system must be so designed as to weigh a mini- 
mum, thereby insuring maxi- 
mum useful load for the heli- 
copter. Moreover, easy main- 
tenance, overhaul and com- 
pactness are essential. The re- 
sulting cost for which these 
features can be obtained is 
the final measure of success. 
This article outlines how 
objectives in this relatively 
new area of drive design have 
been met in the case of the 
Hiller model HTE-2 and H- 
23B helicopter, Fig. 1. 


Fig. 1—Installation of the 
main drive system on the 
H-23B helicopter, showing 
the structural mounting of 
the system to the helicopter 
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application of diverse components for unusual 





performance conditions 


Principal design features might best be first de- 
scribed. Power is received from the engine at high 
speed and low torque and is converted, by the trans- 
mission, to low speed and high torque. The low speed 
value is dictated by aerodynamic requirements of the 
main rotor. The power is then delivered directly to 
the main rotor and through additional gear trains 
to the tail rotor, cooling fan, generator, and tachom- 
eter drive. 

Two separate engaging devices are provided in 
the main rotor drive system: an automatic centri- 
fugal shoe clutch, which satisfies the rotor starting 
requirements, and a free-wheeling clutch, located on 
the low-speed side of the transmission, which auto- 
matically disengages the engine to ensure rotor auto- 
rotation in the event of power failure. The main 
transmission, or power train, consists of a single- 
stage planetary spur system, while the tail rotor and 
accessory drives are of both spur and bevel single- 
mesh arrangements. The planetary system, the acces- 
sory ‘drives and the two clutches are all mounted and 
enclosed in the transmission case, which consists of 
three individual sections. The lower transmission case 
is bolted directly to the engine mounting plate, pro- 
viding the structural means for mounting the entire 
power plant unit, main rotor drive system and main 
rotor system on the helicopter engine mounts. The 
center and upper sections of the transmission case 
serve primarily as mountings for the various compo- 
nents of the transmission. 


Main Power Train: The fundamental design require- 
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ment of the main power train was provision of a means 
of transmitting the 200 hp from the Franklin model 
0-335-6 engine to the main rotor at 338 rpm. Since the 
engine operates at 3100 rpm, a speed reduction of ap- 
proximately 9.2/1 was required. The reduction of 
speed, in itself, posed no particular problem, for any 
number of gear systems could have provided it. Prob- 
lems of weight, simplicity and compactness, however, 
dictated design. 

A single-mesh gear train arrangement was consid- 
ered and eventually eliminated, for while it possesses 
extreme simplicity it also becomes quite heavy and 
cumbersome. For compactness, recourse was made 
to the internal gear systems such as the differential 
train and the planetary train. Of the two systems, 
the differential train makes possible the greatest 
speed reduction in the minimum space, but because of 
the excessive tooth loads and high engagement velo- 
cities it becomes somewhat impractical for high power 
transmission. With the field narrowed to a planetary 
system, the compactness and weight advantages of 
the compound planetary were weighed against the 
simplicity and lower cost of the single-stage planetary. 
From this analysis, finally, the single-stage planetary 
system, Figs. 2 to 4, was selected. 

As shown in Fig. 2, the sun gear is the driving 
gear and is supported in the planet carrier by two 
single-row ball bearings. These bearings also provide 
for relative rotational motion between the carrier 
and the sun gear. The planet carrier is the driven 
member supporting three bearing shafts on which 
the three planet gears are mounted. Each planet gear 
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Fig. 2—-Above—Cross sec- 
tion of the main drive sys- 
tem showing principal com- 


ponents 


Fig. 3 — Right — Cutaway 
view of main drive system 
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Table 1—Main Rotor Drive System Gears 




















Design Main Power Train Tail Rotor Power Rotor Tachometer Fan Drive 
Property Sun Planet Ring Pinion Driving Driven 
‘_ 17% deg Gleason 14%-deg right-angle 20-deg full-depth spur 
Ge Ee ee 20-deg full-depth spur generated straight bevel helical 
i MD «sc 60.66 60.0 68 e6% 10 8 24 10 
i Tr Ce 6 <cchéaatevese 18 65 147 19 27 18 126 13 
Nitralloy 
DS enk bad aid babi ee be SAE 3317 SAE 3317 G SAE 3317 SAE 3310 SAE 4140 SAE 4140 SAE 4620 SAE 4620 
Core Strength (1000 pzi) ........ 165-195 165-195 125-145 150-190 150-190 125-140 90-150 150-190 150-190 
Case Hardness (Rockwell C) .... 60-63 60-63 65-67 60-63 50-55 50-55 60-63 60-63 
Case Depth (inches) ........... .035—.045 -035—.045 -015-.020 .030-.035 Ei —s. - weattew- baeeaes .025—.030 .025-,030 
Engagement Velocity (fps) .... ————— —— 1300 640 630 1115 
Face Load (ib per in.) ........ 1270 1510 1000 boa ceueéaedebenen wnt 590 











rotates on a double-row radial ball bearing. In 
mesh with the three planet gears, and mounted be- 
tween the center and lower transmission case, is the 
internal or ring gear which serves as the stationary 
member of the train. 

Conventional design methods were employed 
throughout the entire system, and service experience, 
to date, has substantiated their adequacy. The 
strength of the power train was determined through 
utilization of the standard Lewis stress and Bucking- 
ham dynamic load relationships. Case depth and hard- 
ness of the gear teeth were selected on the basis of 
the surface and subsurface stresses, which were pre- 
dicted with the well-known Hertz equations. TABLE 1 
lists the pertinent characteristics of the main power 
train components. 


Tail Rotor Power: In addition to performing its 
prime function, that of delivering power to the 
main rotor, the drive system must also deliver power 
to the tail rotor for antitorque and directional con- 
trol purposes. The tail rotor power take-off must 
be located on the main rotor side of the free-wheeling 
clutch since directional control is required during 
autorotation as well as powered flight. The tail rotor 
installation required approximately 10 hp during 80 
per cent of helicopter operation and 18 hp for the 
remaining time. Aerodynamic considerations dictated 
a tail rotor speed of 1950 rpm or a ratio of 5.76/1.0 
between the tail rotor and the main rotor. However, 
the main transmission power take-off provides only 
a portion of this speed change, the remainder being 
effected in the tail rotor gear box. 

In these helicopter models, the tail rotor power is 
obtained through a set of straight bevel gears, Figs. 2 
and 5. The gear is located adjacent to and above the 
free-wheeling clutch, and is mounted on the face of 
a steel hub which is splined to the main rotor drive 
shaft. The upper portion of this hub serves as the 
i inner race of the main helicopter thrust bearings. The 
pinion axis is at 90 degrees to the gear axis and is 
supported by two thrust type roller bearings which 
are mounted in the center transmission case. 

For this particular application smoothness and 
quietness were not prime objectives, and the speed 
reduction was small. Therefore, straight bevel gears 
were selected, in lieu of Zerol bevels, spiral bevels or 
hypoids, primarily because of the simplicity of the 
straight bevel set and its resulting economy. In gen- 
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eral, straight bevel gears are utilized in applications 
where the peripheral speed in feet per minute and rpm 
are below 1000. The tail rotor power take-off pinion 
has a peripheral speed of 640 fpm, TABLE 1, and oper- 
ates at 1033 rpm. The use of straight bevel gears in 
this application has so far proved quite satisfactory. 


Fig. 4—Schematic of gearing arrangement 
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Fig. 5 — Tail rotor pinion 
and tachometer drive gear 


Splined to the tail-rotor pinion and serving as a 
spacer between the pinion thrust bearings is the 
helical driver gear for the rotor tachometer. The speed 
is increased through this gear set by a factor of 1.5, 
permitting the rotor tachometer to operate at one- 
half engine speed, 1550 rpm. This speed is required 
since both rotor and engine speeds are indicated on 
the same instrument to provide for observation of 
engine and rotor synchronization. The helical fol- 
lower, whose axis is at 90 degrees to that of the 
driver, i. _sounted in two radial ball bearings. The 
bearing seats are located above and to each side of 
the outer race of the tail rotor pinion thrust bearings, 
Figs. 2 and 5. Selection of tnis helical design was 
predicated, for the most part, upon the necessity for 
external location and simplicity of the mounting pro- 
visions. 


Cooling Fan Drive: Cooling for the helicopter re- 
quired approximately 7.5 hp during the hovering 
maneuver, which is the most critical since no flight- 
‘nduced cooling is present. A power take-off for the 


cooling fan, which supplies engine cooling and oil 
cooling air, was located on the low-speed side of the 
main power train for simplicity and availability for 
maintenance. The driving member of the power take- 
off is a large spur gear bolted directly to the main 
planet carrier. The pinion, a very small spur gear, is 
mounted in two radial ball bearings which are seated 
directly in the center section of the transmission case. 
With this arrangement, a speed increase to the fan 
of 9.7/1 is effected. 

Simplicity and economy were both attained through 
the use of the conventional spur gear design; how- 
ever, the system suffered a severe weight penalty 
as a result of an indeterminate and somewhat in- 
advertent transmission of power during certain 
transient drive conditions. A strength margin of 
safety of approximately 2.00 was designed into the 
entire fan drive system. 


Starting Clutch: Helicopters, which are powered 
by reciprocating engines, require starting clutches for 
two basic reasons. First, they separate the engine 
from the drive system at starting engine speed, thus 
permitting engine warm-up without turning of the 
rotors. 

Second, starting clutches protect transmission and 
rotor from irregular starting loads. Selection of a 
particular type of clutch for this application was 
made after consideration of the various design re- 
quirements. Some of these requirements are as fol- 
lows: 


1. The clutch should engage at a certain predeter- 
mined engine speed and operate freely at all lower 
speeds. 

2. The clutch should, if possible, engage automatic- 
ally. 

3. The clutch should be of the friction type, allow- 
ing some slip while the rotor is being brought up 
to speed. 

4. Automatic compensation for wear should be pro- 
vided, 

5. The clutch should be as light as possible. 
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The automatic centrifugal, or mercury, shoe clutch, 
Fig. 6, met the above requirements in the most satis- 
factory fashion and was selected for use on the H-23B 
and HTE-2 helicopters. 

The lower portion of the clutch, which is integral 
with the engine, is bolted directly on the upper face 
of the flywheel. The isolated upper portion of the 
clutch rotates on two radial ball bearings and is 
splined directly to a short intermediate shaft. The 
bearings are seated in the lower portion of the clutch. 
The intermediate shaft is in turn splined to the sun 
gear of the main planetary system. This small inter- 
mediate shaft provides for any angular and radial 
misalignment between engine and transmission. As 
its name implies, the clutch operates by the action of 
12 individual spring loaded shoes which are actuated 
by the centrifugal pressure of the mercury. The 
springs are simply preloaded so that when the engine 
attains 600 rpm the individual shoes proceed to move 
radially outward and smoothly engage with the upper 
portion of the clutch. Engagement (no slippage) is 
completed at 1600 rpm. 

Since the clutch is on the high-speed side of the 
main power train, it must be capable of transmitting 
200 hp at 3100 rpm. The clutch selected is actually 
rated at 1250 ft-lb at 3100 rpm, about 3.5 times 
operating torque. Transmittal of this torque indicates 
a shoe pressure of 260 psi and a calculated friction 
coefficient of 0.35. 


Free-Wheeling Clutch: For successful operation in 
the autorotation maneuver, helicopters must have a 
provision for automatically allowing the rotor to func- 
tion as an autorotating windmil] rather than as a 
propeller. In these helicopter models a sprag type 
overrunning clutch, Fig. 7, serves this purpose. The 
outer race of the clutch is attached directly to the 
main planet carrier while the inner race is splined 
to the main rotor drive shaft. Placing the clutch on 
the low-speed side of the main power train subjected 
it to the maximum torque conditions, but this penalty 
was accepted in order that the autorotation per- 





Fig. 7 — Double - row 
*prag overrunning clutch 
used in initial production 
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formance might be insured in case of transmission 
malfunction. Also, autorotation performance is im- 
proved since the main power train is not driven dur- 
ing the maneuver. 

A number of overrunning clutch types were avail- 
able for this application, such as cam roller, ratchet, 
friction and sprag clutches. A study of the different 
types indicated that of those available the sprag and 
cam roller clutches presented distinct advantages from 
the standpoint of apparent torque capacity, reliabil- 
ity, weight and compactness. Further study of these 
two types revealed that the sprag clutch was in- 
herently the superior of the two in terms of torque 
capacity. Detailed analytical comparison of the two 
types has already appeared in the literature.* Fig. 8 
shows the operating principle of the sprag clutch. 
Rotation of the inner race moves the sprags into a 
position where they are wedged between the inner 
and outer race. The torque is then transferred by 
means of the friction components of the normal 
forces which exist on the sprag units. Grooves in the 
upper and lower faces of the sprag hold a garter 
spring which energizes all of the sprags as a system 
so they will rotate and pick up load simultaneously. 

Situated on the high torque side of the transmission, 
the clutch is designed for an operating torque of 
56,000 lb-in., which results in a surface compressive 
(Hertz) stress of approximately 450,000 psi. Capa- 
city of the clutch is controlled by the magnitude of 
the subsurface shear stresses, which are inevitably 
critical in the inner race. Magnitude of these stresses 
is directly reflected by the magnitude of the surface 
compression stresses. Previous design experience in- 
dicates that 400,000 psi is a reasonable allowable 
surface compressive stress for continuous operation 
and 650,000 psi can be tolerated for intermittent over- 
load conditions. The depth and hardness of the case 





* Dietrich W. Botstiber and Leo Kingston—‘‘Freewheeling Clutches,’’ 
MACHINE DesIcn, April, 1952, Pages 189-194. 
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for the races and sprags are controlled according to 
the variation as well as the magnitude of the sub- 
surface shear stresses. However, for most conven- 
tional designs, which are based on the suggested al- 
lowable surface stresses, a hardness of 60 to 63 Rock- 
well C and a case depth of 0.09 to 0.10 inch seem 
to be acceptable minimums where depth is defined as 
the region where hardness is above 50 Rockwell C. 
Strength of the races is not a problem, for their con- 
figuration is governed by rigidity considerations. 


Design Changes: Service experience on the H-23B 
and HTE-2 helicopters, which now includes machines 
with over 300 hours of flight, represents an encourag- 
ing measure of design success. The changes which 
have been incorporated in the main rotor drive sys- 
tem as a result of this experience have, for the most 
part, been of a minor nature. 














Sen 


Fig. 8—Sprag clutch detail 














Early in the operation of the helicopter two ad- 
justments to gear tooth configuration were necessary 
to improve service life: (1) The tooth face width of 
the large driving spur gear of the cooling fan power 
take-off was increased from 0.375 inch to 0.500 inch; 
(2) the teeth on the main power train sun gear were 
crowned 0.0015 inch to prevent the occurrence of large 
concentrated loads on their outer edges. Both changes 
have resulted in a desirable improvement of service 
life. 

In the original design, lubrication of the entire main 
rotor drive system was provided by a system which 
was integral with the engine system. The oil was in- 
troduced into the transmission at a point just above 
the main thrust bearings and scavenged at a point 
in the lower transmission case, Fig. 2. Service experi- 
ence, supported by a series of test stand runs, indicated 
that the tail rotor power take-off and sprag clutch were 
not being sufficiently lubricated. As a result, exces- 
sive wear occurred on the tail rotor pinion and cor- 
rosion formed on the sprag units. Additional lubrica- 
tion at this point was introduced by an oil jet, mounted 
in the center transmission case and adjacent to the 
tail rotor pinion. This change has resulted in satis- 
factory lubrication of the bevel gear set and the sprag 
clutch. 

Perhaps the most significant information to emerge 
from the helicopter’s operation pertains to the free 
wheeling sprag clutch. Under certain extreme, 
transient, torque loading the clutch would slip and 
momentarily release the torque load. Moreover, under 
similar conditions, the clutch would overturn; sprag 
units rotated over center, preventing free wheeling. 
A series of exploratory dynamic and static tests re- 
vealed that several sprag units were carrying the 
torque lead instead of all sprags sharing the load. As 
a result of these findings, the clutch manufacturer 
developed a double-row caged sprag clutch which in- 
corporates a system whereby all of the sprags are 
forced to carry their share of the applied torque, 
Fig. 9. Recent preliminary tests seem to indicate that 
the double-row caged sprag unit is superior to the 
original. 


Fig. 9 — Experimental 
double - row caged 
sprag clutch designed 
to insure equal load 
distribution among all 


sprags 


} 
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Fig. 1 — Landing 
gear strut composed 
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N THE DESIGN of aircraft parts, because mini- 
mum weight is of primary importance, design ef- 
forts must be directed always toward achieving 
the highest possible strength-weight ratio. However, 
an increase in strength does not always necessarily 
result in a weight reduction. For example, it is some- 
times impossible to take advantage of the increased 
strength of a tube resulting from higher heat treating 
values because of the inability to finish machine 
the part. 

In this article it will te shown that the cylinder 
tubes in hydraulic actuators, Fig. 1, designed for 
minimum weight have a definite practical limit of 
strength beyond which no advantage can be gained. 
Also, the general cases of tubes in bending and tubular 
columns. will also be discussed. 





Hydraulic Actuating Cylinders: Practical limits for 
the maximum strength of cylinder material can be 
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How to realize optimum strength-weight 
ratio for cylinder tubes and struts through 
an analysis based on the practical limita- 
tions imposed by machinability require- 
ments and permissible deformation 
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established by consideration of hoop tension due to 
internal fluid pressure, machining limits and allowable 
diametral deflection. In general, the minimum diam- 
eter of the cylinder tube is fixed by function and 
then the minimum wall thickness and practical maxi- 
mum strength are determined. These strength limits 
are especially useful because of the additional costs 
which can result, with no weight reduction, in machin- 
ing harder material, heat treating for higher values, 
refining the design to avoid stress concentrations, 
fatigue, etc. 

The extent to which a tube can be machined de- 
pends upon the material, diam¢ter, length, manufactur- 
ing methods, available tools and the skill of the ma- 
chinist. However, for simplicity, a maximum diameter 
to thickness ratio, K, is sometimes used as a measure 
of the machinability. This limit usually has additional 
significance from the standpoint of local effects. 
Basic considerations in the design of a hydraulic 
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Tension Forces Due to Hydraulic Pressure 





Radial or Diametral Deflection 
Due to Hydraulic Pressure 


Stepped Column Stability 


Fig. 2—Factors to be considered in the design 
of cylinder tubes of maximum strength 


actuating cylinder tube, Fig. 2, are: 


1. Hoop tension due to internal fluid 
pressure 

2. Machinability limitations 

3. Diametral deflection 

4. Overall column stability. 


A practical maximum strength value for cylinder 
tubes can be readily derived. As shown by Roark’, 


pF, ( D | (1) 
2 t 
where symbols are as defined jn the Nomenclature. 
The maximum value of p, usually the relief valve 
setting, is approximately 1700 and 3100 psi for 1500 
and 3000-psi hydraulic systems, respectively. 
Since the maximum D/t = K, the minimum value 
of t for a given value of D is 


(2) 


There have been a few instances where, in the interest 
of weight reduction, values of K in the neighborhood 


1 References are tabulated at end of article. 
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of 60 have been achieved. However, in the case of 
steel, 50 is a commonly used limit. 

Substituting the values of p and K in Equation 1, 
the practical maximum ultimate strength limits for 
cylinder tubes in 1500 and 3000 psi hydraulic systems 
are: 


1700 (2.5) 
Oo, = =o (50) 


3100 (2.5) 
2 


(50) = 194,000 psi 


To meet functional requirements of hydraulic cyl- 
inders, Fig. 3, particularly in regard to the packing, 
it is necessary to limit the diametral deflection of the 
cylinder tube. However, there is no uniform agree- 
ment as to limiting values. MIL-P-5514 A? states 


Nomenclature 
2 RS OER AS EIA ES ETE SS AE ATR UE S 


Cross sectional area, square inches 
Effective length of cylinder, inches 
Constants 

Outside diameter of tube, inches 
Young’s modulus of elasticity, psi 
Effective Young’s modulus in hoop direction, 
psi 

Ultimate load factor 

Proof load factor 

Moment of inertia, inches* 

D/t = Machinability limit 

Column length, inches 

Bending moment, pound-inches 
Subscript for effective stiffness factor, defined 
in Equation 12 

Margin of safety 

Factor defined by Equation 10 
Applied load, pounds 

Critical buckling load, pounds 
Internal fluid pressure, psi 

Tube wall thickness, inches 
Diametral deflection, inches 

Unit diametral strain, inches per inch 
Applied column stress, psi 

Critical buckling stress, psi 

Applied hoop stress, psi 

Ultimate allowable tensile stress, psi 
Tensile yield stress, psi 

Applied bending stress, psi 

Bending modulus, psi 


Huu uu 


ron nnnbnnnbnnnnnen 


that the diametral expansion of the cylinder shall not 
exceed 0.002-inches per inch of bore at the midpoint 
of the cylinder. The Lockheed Hydraulic Staff Office 
Design Manual recommends that the deflection of the 
inside diameter shall not be in excess of 0.0075-inch 
if leather backup rings are used, and 0.004-inch if they 
are not. These values are independent of diameter 
and occur at system pressure. 

A general relationship between maximum practical 
strength and diametral deflection can be developed 
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Fig. 3—Typical aircraft applications of hydraulic cy- CYLINDERS AND STRUTS 


linders. Diametral deflection of the cylinder tubes 
must be limited to assure effectiveness of packings 
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by a procedure similar to that used by Williams’: 


oe = E), « (3) 
Also 
$ 
e= — ‘ (4) 
D 


CO; E), —— . ° ° (5) 


Tube strength must now be checked for ultimate 
tensile stress, o,, and yield stress, o,, at load factors 
F, = 2.5 and F, = 1.5, respectively. The latter fol- 
lows from the requirement that the tube will not yield 
at the proof load which is defined as 1.5 times the 
maximum applied load. The factor of 2.5 used with 
ultimate tensile stress is a requirement in most speci- 
fications for hydraulic cylinders. 

The margin of safety based on ultimate tensile 
stress is 





0. 
o, Fy 


For yield stress, the value becomes 


1 : (6) 


N = 


Fe a = 3 (7) 
o, Fe 
From Equations 6 and 7 it is apparent that the 
minimum (critical) margin of safety will depend upon 
which of the ratios, o,/F; or o,/F2 is the smaller. 
For steel, o,/F, is the smaller and, hence, the mini- 
mum margin expressed by Equation 6 will dictate 
the design of the cylinder. 


From Equation 6 
o, — (1+ N) FP, eg; 
Combining Equations 5 and 8 gives 


F, E,, 8 
a2: 64) ane (9) 





Equation 9 expresses the desired relationship between 
ultimate strength and deflection. It is identical to 
the expression derived by Williams’. 

For a biaxial stress condition in a circular pres- 
sure cylinder with the hoop stress twice the longi- 
tudinal stress and Poisson’s ratio = 4, EH, = 12 £2 
where E is Young’s modulus for uniaxial stress and 
has a value of 29 (10)°* psi for steel. From Equation 
9, for « = 8/D = 0.002-inches per inch as a maximum 
value’, F,; = 2.5, E, = 1.2 (29) (10)* psi and N = 0, 


o, = (1 + 0) (2.5) (1.2(29) (10) * (0.002) 


= 174,000 psi 


This is the maximum practical value of tube strength 
beyond which the deflection limitation is exceeded. 

From the Lockheed deflection criterion discussed, 
if leather back-up rings are used and D = 1.5 inches, 


(2.5) (1.2) (29) (10) & 0.0075 
Cy ee | 
1.5 





= 435,000 psi 











If back-up rings are not used, 


(2.5) (1.2) (29) (10) ® 0.004 
1.5 





Cy = 


= 232,000 psi 


It is noteworthy that for D = 2 inches the resulting 
values based on this design criterion are o, = 326,000 
and 174,000 psi respectively. The latter value is the 
same as that for the general case of 8/D = 0.002- 
inches per inch. 

The fourth design consideration, overall column 
stability, has been treated in detail by Hoblit*. Based 
on his analysis, it can be shown that in the region 
of a/L = \%, 


21 
2 = a <.. (10) 


I, +12 
to a first approximation. Then 


n a2( EI 
P.. = sen (11) 
L2 


The quantity (£/),, is defined by 


E(1; + Ie) 
(ETI) », = —— (12) 
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Fig. 4—Chart for popes Sas ractical 
maximum strength of steel tubes in bending 
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where J, and J, are rectangular moments of inertia 
of the cylinder and rod portions, respectively, of a 
stepped column such as a hydraulic cylinder. In this 
case the materials of both rod and cylinder are as- 
sumed to be the same. 


Combining Equations 10, 11 and 12, 


72H Io 
L?2 


P., = 


Equation 13 can also be expressed as 


P., = Ble i esich (14) 


where B = 7” E/L? is constant. 

Equation 13 indicates that the buckling load, P,, 
is not dependent upon the stiffness, or area, of the 
cylinder tube but rather only on the stiffness of the 
rod which might be termed the “weakest link.” As a 
result the cylinder tube will seldom be designed by 
column stability and, therefore, this consideration 
will have no bearing on the practical maximum 
strength of the tube. There is of course, the case 
where the rod diameter does not provide sufficient 
stiffness. Then, usually, both the cylinder and rod 
diameters must be increased to meet functional and 
strength requirements. 

The final maximum strength to be used for design 
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Fig. 5—Chart for determining the practical 
maximum strength of long tubular columns 
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CYLINDERS AND STRUTS 


is the minimum of the various maximum values de- 
termined in the foregoing. 


Bending Analysis: Maximum strength values may 
also be derived for other types of loadings, Fig. 1. 
The case of a tube loaded in bending is a typical ex- 
ample. From the standard flexure formula 


MD 
o% = — 


21 


32 MD 
D \3 D \?2 D 7 


Assuming o,, = Co, where C = 1.3 for large 
values of D/t, equating o, = op, and solving for o, 
gives 


(15 





32 MD 
ou = ——— (16) 


oxt'[ (2) (2)'+82(2) 16] 


Also, assuming for the machinability limit, K = 
(D/t) max, and substituting in Equation 16, 





32K4M 
C7 D3(8K3 — 24K2 + 32K — 16) 





Then, for C = 1.3, 


7.83 KiM 


-— (18) 
D3(8K% — 24K? + 32K — 16) 





As K becomes large o, may be expressed approxi- 
mately by 


KM 
Oo, = Ds "toe (19) 


From Equation 18 with K = 50, o, = 51.8 M/D*. If 
M = 10° and D = 6, a, = 51.8 (10)®/216 = 240,000 
psi. The approximate formula, Equation 19, yields 
oy = 231,000 psi. If M = 10° and D = 3.5, oy = 51.8 
(10)5/(3.5)% = 121,000 psi. 

The value of C used in this analysis may readily 
be derived. By assuming o, = Co, and stress distri- 
bution is fully plastic, it can be shown that if D/t = 
K = 50,C = 1.30. Alsoif D/t = K = wo, 7 = 1.27. 
The relationship, «, = Co,, is theoretically sound for 
bending modulus of round tubes for some ranges of 
D/t and is approximately correct for other practical 
ranges. 

A useful graph in which M/D®* is the abscissa, o, 
is the ordinate, and K is the family parameter is 
shown in Fig. 4. 

As an example, the minimum diameter of a shock 
strut is usually determined by the maximum allow- 
able static pressure. Then, with the diametral bend- 
ing moment and machinability limit given, the maxi- 
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mum strength can be determined. Conversely, with 
a value for strength given, the diameter can be de- 
termined. In modern high-speed thin-wing airplanes, 
the maximum strut diameter would be limited by wing 
thickness and very high strengths would apply. 


Tubular Columns: In the case of long tubular 
columns the maximum strength criteria may also be 
readily derived. The applied stress is 


Allowable load can be expressed as 


Cr? EI 
L2 


Then, the critical stress is 


Per _ Cr? EI 


a. ae 
The moment of inertia is 
T 
I= — [D* — (D — 2t)4] (23) 
64 


By neglecting powers of ¢ greater than unity and 


substituting A = wrDt, Equation 23 becomes / = 
AD*/8. Combining this simplified version with Equa- 
tion 22 gives 
a?CED2 
8L2 


(24) 


Cor = 


Using a zero margin of safety and combining Equa- 
tions 2, 20 and 24 gives 


82 PK 


i (25) 
C 73 D4 


This equation has been evaluated in Fig. 5 using K 
as a family parameter. 

In the case of columns, £ is the measure of strength 
and is the only factor for identifying the material. 
Since by Equation 25, ZF is proportional to K, the 
equation relates maximum practical strength to the 
limit for machining. 
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Double-End Automatic Machine 


ONSISTING of two double-end machine sections 
placed side-by-side, a new automatic machine per- 
mits the operator to set up the machine for an opera- 
tion on two opposite ends of a cross-shaped workpiece 
while an operation is being performed on the other two 
members of the cross. The part to be machined is man- 
ually loaded and clamped in a fixture and the fixture 
is loaded into one machine section and power clamped 
in position for the initial operations. The fixture is 
transferred to the second machine section for proc- 
essing of the remaining members. 
Each unit of this machine, developed by Snyder 
Tool & Engineering Co., is controlled separately, and 


the work cycle is automatic. Pressing the start but- 
ton causes the motors to start and the head to rapid 
traverse until the feed switch is contacted, causing 
the unit to feed to depth and automatically return. 

Feed start dogs and positive stop positions for the 
heads are selected through a rotating dograil and 
a movable end stop. The spindle noses in the head 
are provided with a quick change lock for holding the 
various tools. 

One section of the machine is provided with step 
drilling attachments for drilling deep holes. Each 
section has its own hydraulic tank and pump and 
hand-operated centralized lubrication system. 
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OWERFUL methods have been developed for an- 
Praiyung linear servo systems—systems in which 

the variables are related by linear differential 
equations, and which obey the laws of linear superpo- 
sition. Such a system is generally represented pic- 
torially by a block diagram, Fig. 1. Each box repre- 
sents a physical element which is characterized by a 


transfer function A, B, C ... relating the output of 
the element to its input. A,B,C... will normally be 
algebraic functions of the Laplace operator s, and 
represent the inertia, damping and resilience and so 
on within the element. 

However, if a particular element has more than one 
input, its output will in general be a linear function 
of the several inputs, and the element can no longer 
be represented by a single transfer function. In this 
case it may be more convenient to draw a dependence 
diagram relating the system variables. The variables 
are placed in boxes while the function operators are 
written on the connecting lines, and each variable is 
equated to the algebraic sum of the incoming quanti- 
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Fig. 2 — wt vor me diagram 
for the system illustrated in Fig. 1 
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Fig. 3 — Nonlinear element for which 
the output may involve the multiplica- 
tion or division of two input quantities 


ties. The dependence diagram for the system illus- 
trated in Fig. 1 is shown in Fig. 2. 
The equations can be written immediately as 


e=— 6; — 6 
2->Ae + e,:| 


y = Bz 
6, = Cy 


These equations may be compounded to give the 
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4—Hydraulic servo system. Slide valve and 
der arrangement is shown at a, block diagram 
at b 


loop and overall transfer functions 6,/« and 6,/6,, re- 
spectively. Although the operators in the dependence 
diagram possess no direct physical significance they 
do simplify the process of deriving the transfer func- 
tions. 


Nonlinear Elements: In linear systems such as that 
described the combination of the various inputs into 
an element involves only the processes of addition or 
subtraction. For some systems, however, the output 
of an element may involve the multiplication or divi- 
sion of two or more input quantities. For example, the 
output Z of the element shown in Fig. 3 may be given 
by an expression of the form 


Z f(X) X g(Y) (2) 


The differential equations of a system including 
such elements are usually intractable, and a study of 
operating characteristics would involve the solution 
of nonlinear equations, for which no general methods 
of investigation have been formulated. The fre- 
quency response approach, so powerful in linear servo 
analysis, cannot be applied directly because the char- 
acteristics of the system vary with the amplitude of 
oscillation. Further, the output will not usually be 
sinusoidal in wave form. 

Frequency response offers such an attractive meth- 
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Fig. 5—Curves of flow versus valve displacement 
a flow versus cylinder operating pressure for 


slide valve 


od of analysis that an attempt to “linearize” a non- 
linear system is often well worthwhile. This may be 
done by considering small motions about steady-state 
conditions. Then separating perturbations from 
steady-state quantities permits the formulation of a 
series of linear equations each of which defines the 
performance within a narrow band about a particular 
steady-state position. 


Slide Valve Hydraulic Servo: Probably the best way 
to demonstrate this technique is by an actual ex- 
ample, and the system chosen is a hydraulic servo in 
which the main amplifier is a slide valve, Fig. 4. 

The power source is a pump which delivers fluid at 
a constant pressure P,, this flow being metered by a 
slide valve to the servo motor, which in this case is 
a hydraulic cylinder. The valve constitutes a variable 
orifice, and since an orifice is an energy dissipation 
element there will be a pressure drop across the valve. 
The flow Q through the valve is proportional to the 
product of valve displacement Y and the square root 
of the pressure drop P, — P, across the valve, and since 
the latter depends on the output X, a nonlinearity of 
the type given by Equation 2 is introduced. 

In the following list of the variables, capital letters 
denote steady-state quantities, smal] letters denote 
small increments: 


Xj, x; = Input 
X,, 2%, = Output 
Q,q = Flow 


Y,y = Valve displacement 
P., Pp = Cylinder operating pressure 
E,e = Error signal 


Following are the system parameters: 


P, = System pressure 

A = Cylinder piston area 

\ = Transducer gain 

T = Time constant of valve 
K = Valve flow constant 
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Cylinder Operating Pressure, % 


Ay» Ap = Flow coefficients 
M = Output inertia 
b = Output damping coefficient 
k = Output spring stiffness 


The elements taken in order round the loop, Fig. 4b, 
are the error sensing device, a transducer, slide valve 
amplifier, and the hydraulic cylinder. The transducer 
converts the error signal into a valve displacement, 
probably with some time delay. The steady-state sys- 
tem equations are 


EB = X; — X, 


Q=KY Vv P, — P. 


xX.= : f eae 
te 


d2X, dX, 
AP,=M +b 
dt? dt 


so that the following transformed relations for the 


(3) 


ee 





+ kX, 







dence dia- 
shown in Fig. 4 
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ANALYZING NONLINEAR SERVOS 


perturbations can be obtained immediately: 


e=—-%— &% 











fs A 

e 1+f7s 

Zo 1 : , (4) 
q As 

Po 1 
= —— (Ms2 + bs + k) 

a A 


The system can be linearized if flow can be ex- 
pressed in the form Q = Ay + Bp,. For small incre- 
ments in Q, Y and P, 


Q+q= K(Y + y) VP, — (Po t+ Do) 


Expanding gives 





a oe 0g 0qQ 
Q+q=KYVvP,—P, + ——yt yh fee 
Thus the perturbed flow may be written 
q = AyY — ApPo > ee 
where 
0Q — 
ly Bee REY HF, 
_  a@Q _ KY 
- 8P, 2VP,—P, 


The flow-displacement and flow-pressure curves in 
Fig. 5 show the physical significance of A, and A,. 

The dependence diagram may now be drawn, Fig. 6. 
From Equations 4 and 5 the open loop and overall 
transfer functions may be obtained. 








Bo Adhy 

e (1+. Ts) [Md, 8+ (A2+Ddd,)8+KX,p 
Lo fe Ar ry , (6) 
x;  MdTs3+[Md,+ (A2+bd,)T]82+ 








[kKA,T+(A2+DddA,)]8+KA,+AdM, | 








The performance can now be investigated in the 
neighborhood of each equilibrium position; for ex- 
ample, a series of Nyquist plots may be drawn, Fig. 7. 


Value of Linearized Analysis: Although the process 
outlined is only approximate, the results obtained give 
a qualitative description of the system, and afford 
useful information about the stability of the system 
on the threshold of motion. 

It would be impossible to consider the motion about 
every equilibrium position, and tiresome to attempt 
it. Instead stability may be defined in terms of the 
steady-state coefficients, and the relations derived may 
be plotted in graphical form. Prohibitive zones are 
defined, within which the system becomes unstable. 

The fact that a system is unstable at a certain point 
does not necessarily mean that the oscillations will 
increase indefinitely, since the stiffness and damping 
change with amplitude. However, the presence of any 
continuous oscillation in a servo is usually to be de- 
plored, and the parameters should be adjusted to en- 
sure a stable system throughout its entire operating 
range. 


Fig. 7—A Nyquist plot in the 

region of an equilibrium position 
rg the hydraulic servo, showing 
in this instance the effect of the 
valve time constant T on stability 
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Design for Safety 


PPROXIMATELY 300,000 accidents are incurred 

yearly in machine operation. The suffering, loss 

of production, medical expenses and other costs re- 

sulting from these accidents are a direct reflection on 

the engineering profession. 

To remove machine hazards at the source of manu- 

facture by safe design, the following suggestions 
should be given consideration by the designer: 


1. Dangerous moving parts should be enclosed. 

2. Parts subject to wear, adjustment, and hand 
lubrication should be enclosed. 

3. Lubrication should wherever possible be auto- 
matic and continuous when the machine is in 
operation. 

. Consideration should be given to individual 
drives so that hazards due to driving mech- 
anisms may be eliminated. 

. Sharp contrast between light and shadow and 
glare in the vicinity of point of operation 
should be avoided. 

. Materials should be mechanically conveyed to, 
and products away from, machines. 

. Provision should be made for automatically 
conveying dusts and gases away from ma- 
chines. 

. Noise should be eliminated or reduced. 

. Vibration should be eliminated or reduced as 
much as possible. 

. Machine motions tiring to the eyes should be 
avoided. 

. Exterior shapes of any parts of the machines 
that require frequent contacting or handling 
should be such as to facilitate convenience in 
handling. 

. Weight of parts to be handled should be kept 
within the limits of convenience. 

. Throughout the design of the machine and 
its parts, consideration should be given to 
convenience in attaching accessories, chiefly 
point-of-operation guards. 

. Consideration in design should be given to the 
external shape of the machine unit so that the 
danger of accident from tripping and falling, 
and collision, will be minimized. 

. Liberal factors of safety should be used in de- 
termining the strength of parts. 

. Wherever manufacturing circumstances per- 
mit, point-of-operation guards should be in- 
stalled by the builder of the machine. 

. Consideration should be given to the safe lo- 
cation or isolation of machines that cannot 
be made safe otherwise. 


Although in many cases machine operators are 
guilty of unsafe conduct, engineers should realize that 
machine operators are human—subject to worry, for- 
getfulness and complacency. An engineer should 
recognize the possibility of human failings and strive 
to make his designs as foolproof as possible. 

—ASME Safety Division 
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DESIGN 


A simplified procedure for 
comprehensive considera- 
tion of the many variables 
that enter into the de- 
sign of medium and large- 
size sleeve bearings 











By D. F. Wilcock and M. Rosenblatt 


Bearing & Lubricant Control Dept. 
Center General Electric Co. 
Thomson Laboratory Schenectady, N. Y. 
General Electric Co. 
Lynn, Mass. 





HE problem confronting the designer of a 
owe bearing is to predetermine certain overall 

aspects of its performance, such as power loss 
and operating temperature, under certain known op- 
erating conditions, such as load, speed, and viscosity 
of lubricant. Dimensions must be chosen which give 
the safest and most economical design. 

Performance of a sleeve bearing is very intimately 
associated with the rate at which heat can be removed 
from the bearing oil film. In larger bearings, the bulk 
of this heat must be removed by the oil leaving the 
bearing. Consequently, detailed study and knowledge 
of oil flow characteristics of sleeve bearings aid ac- 
curate computation of their performance character- 
istics. 

Methods of computing bearing performance based 
on knowledge of the oil flow characteristics have been 
described previously.1_ These methods are summarized 


_ 

















1. References are tabulated at end of article. 
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here in the form of easy-to-use alignment charts. 
These charts permit bearing calculations to be made 
rapidly and to be kept as a permanent record. 


Basic Considerations: Power consumption of a 
sleeve bearing resulting from the shearing of oil in 
the bearing oil film is given approximately by Petroff’s 
relation 

- 2 73 ZN2 D3 L 

p a (1) 

Note that the amount of heat generated is roughly 
proportional to the cube of the bearing diameter. The 
heat which can be carried away from the oil film by 
radiation and by conduction at any given temperature 
level is proportional only to the first power of the di- 
ameter. Therefore, in bearings much over 1 to 2 
inches in diameter, oil flowing through the bearing 
must remove the bulk of the heat generated in order 
to maintain bearing temperatures at reasonable values. 

Power consumption is also a function of the average 
oil viscosity in the bearing film. Carefu] measure- 
ments of oil film temperatures have shown that the 
average oil film temperature is very nearly equal to 
the average outlet oil temperature. The average out- 


Fig. 2—Below—Determination of kin- 
etic energy correction factor for flow 
through the chamfer openings 
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Viscosity-Length Factor, é, 


let oil temperature is dependent not only upon the oil 
flow through the bearing but also upon the power 
consumption of the bearing. 

The design problem in its basic simplicity, therefore, 
consists in determining, first, the average outlet oil 
temperature of the bearing as a function of oil vis- 
cosity and, second, the viscosity of the oi] to be used 
in the bearing as a function of temperature. The lat- 
ter curve is readily determined from conventional lab- 
oratory oil viscosity measurements, while the former 
must be calculated from a knowledge of the oil flow 
and power consumption characteristics of the particu- 
lar bearing design. When these curves are plotted, 
their intersection represents the viscosity and tem- 
perature at which the given bearing will operate when 
lubricated with the particular oil chosen for the com- 
putation. This is the basis for the method of calcu- 
lation shown on the accompanying alignment charts. 


Pattern of Oi] Flow: The assumption that the aver- 
age oil film temperature is equal to the average outlet 
oi! temperature of a bearing is easier to understand 
if the entire bearing is considered as a mixer. Under 
average conditions the end flow from the bearing is a 
small portion of the circumferential or circulating 
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Fig. 3—Right—Dimensionless oil flow coefficient for the 
bearing as a function of Sommerfeld number for con- 
stant length-diameter ratio and constant eccentricity 
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flow within the bearing. Thus, the bearing may be 
likened to a mixer to which is being added a small 
stream of cold oil and from which is being withdrawn 
continuously a small stream of oil at the average tem- 
perature of the mixer. The mixer temperature is 
equal to the temperature of the oil being withdrawn 
but is above the temperature of the oil being added 
by an amount sufficient to carry away the heat being 
generated within the mixer. 

Bearings of the split type normally have chamfers 


Nomenclature 


Diametral clearance, inches 

Heat capacity of oil, Btu per gal per deg C 

Journal diameter, inches 

Total bearing load, lb 

Power consumption of bearing, hp 

Axial length of bearing, inches 

= Journal speed, rpm 

Bearing load per unit of projected area, psi 

Total oil flow, gpm 

Oil flow through single oil groove chamfer, gpm 

Oil flow through bearing oil film due to inlet 

pressure, gpm 

Oil flow due to rotation of journal, gpm 

Journal radius, inches 

Sommerfeld number 

(D/C2 (Z2N/P) = 2.42 X 10-° (D/C)? (p2N/P) 

= Temperature, deg C 

Temperature rise of oil, T» T,, deg C 

Power loss transferred to shaft, Ib-in. per 

minute 

= Power loss with shaft centered (Petroff’s equa- 

tion value), lb-in. per minute 

Oil viscosity, lb-minute per in.? 

Chamfer dimension radial to journal, inches 

Chamfer dimension tangent to journal, inches 

Journal eccentricity, inches 

Oil film thickness, inches 

Dimensionless power loss ratio 

w/w, 

Axial length of chamfer, inches 

Number of chamfers 

Eccentricity ratio 

2e/C 

Oil pressure, psi 

Dimensionless oil flow coefficient 

294 Qr/NDLC 

Slot thickness, inches 

Film flow coefficient determined from flux plot 

Slot width, inches 

a= Acute angle between load vector and line of 
centers 

= Oil viscosity, centipoises 

4.14 X 108Z 

Ratio of corrected to uncorrected chamfer flow 

(kinetic energy correction) 

Q-/Qetot 

Subscript, zero speed 

Subscript, at oil inlet 

Subscript, at oil outlet 

Subscript, at point of minimum approach 

Subscript, total 
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at the ends of the oil grooves for two purposes, to 
break the sharp corners, and to flush some additional 
oil through the bearing. Careful experimental meas- 
urement of the temperature of the small oil streams 
leaving these chamfer openings shows that the oil 
leaving the bearing in this manner is at a temperature 
very nearly equal to the outlet oil temperature. This 
is rather direct evidence of the complete mixing which 
takes place in the oil feed grooves and of the mixer- 
type action of oil flow in sleeve bearings. 

The type of bearing for which this analysis was 
originally developed is illustrated in Fig. 1. This 
bearing is split into two halves. It has a cylindrical 
bore and has large axial oil distribution grooves locat- 
ed at the split. Each groove subtends an angle of 
approximately 30 degrees between blends with the 
cylindrical bore. While the analysis was developed 
for this particular type of bearing, it is general 
enough in principle so that the reader can with slight 
modification apply it to other designs of pressure- 
fed bearings. 

Three types of oil flow take place in bearings of 
this type, (1) end flow from the loaded half of 
the bearing, (2) end flow from both halves of the 
bearing oil film due to the inlet oi] pressure in the 


Fig. 4—Method of solution for film flow coefficient 
means of a flux plot in the region of the oil 
inlet, showing one-eighth of total bearing area 




































Oil groove 


















Power Loss Ratio, / 





oil grooves, and (3) flow through the chamfers at 
the ends of the oil grooves. It has been found pos- 
sible to analyze each of these flows separately and 
so to compute the total oil flow for any given bear- 
ing under known operating conditions. The total oil 
flow is given by 

1.87 X 104 v C% p, 

Q = Qr + Qetor + Vr ene ~ apc 
4 


Cc 
47,200 ( a + ——') P 
2 
— + q 


NDLC 
=m ——~ ——- (2) 
1 po 294 - 

In this equation ¢ is determined from Fig. 2; 
q is determined from Fig. 3; and m is the number of 
chamfered openings, usually twice the number of 
oil grooves. Details of this analysis are contained 
in the previous reference. 

The dimensionless coefficient v is based on the 
oil groove configuration. It is the equivalent width to 
length ratio of a thin slot, having the same thickness 
as the bearing oil film, which would carry the same 
oil flow as the film in the neighborhood of the oil 
inlet grooves. An example of a “flux plot” to deter- 


mine this coefficient is shown in Fig. 4, and the 


Fig. 5 — Power loss ratio for three 
ues of constant length-diameter ratio 
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method of making this plot is outlined later. Note 
that only one-eighth of the flow is shown in this 
diagram. The coefficient for this groove configuration 
isv = 8 x 4.05 = 32.4. 

Both chamfer and film flow expressions assume 
that the approximate film thickness at the oil inlet 
groove is C/2. For more accurate work the film 
flow term, Qy, may be multiplied by 









e sina )" 


1+ 
Cc 






to correct for shaft eccentricity e. If there is an 
oil inlet at some other position than the horizontal, 
its film flow term may be multiplied by the quantity 
(2h/C)* where h is the film thickness at the oil in- 
let. The chamfer flow term may likewise be corrected 
by substituting the film thickness at the chamfer for 
the quantity C/2 in the chamfer flow expression. 










Computation of Outlet Oil Temperature: Outlet oil 
temperature is computed as a function of two or more 
assumed oil viscosities, and the resulting curve is 
plotted on viscosity versus temperature co-ordinates 
in order to obtain an intersection with the viscosity- 
temperature curve for the lubricating oil. The outlet 
oil temperature may be calculated from 










42.4H 


Te = T; + - 
CQ 








= 1, + f (u2) (3) 






Note that both power loss H and oil flow Q are func- 
tions of oil viscosity. Equation 3 may be rewritten as 













jLD3N2 
ae). “ 


TT, = T, + 1.60 X 10-11 ( 
CQC, 









where oil flow Q is determined from Equation 2, and 
j (determined from Fig. 5) is a dimensionless power 
consumption coefficient which gives the ratio of the 
true power consumption to that computed from Equa- 
tion 1. 

Equation 4 may be solved numerically for any 
given combination of the operating variables and 
bearing dimensions, and the results plotted graphic- 
ally on the viscosity-temperature chart for the lub- 
ricating oil to give a graphical solution for the outlet 
oil temperature of the bearing. Once this outlet 
oil temperature has been determined, values for oil 
flow, power loss, film thickness, etc., may be com- 
puted readily. 















Use of Alignment Chart: In order to simplify calcu- 
lations and to give a better physical picture of how 
the various factors enter into bearing performance, 
the alignment charts of Fig. 6 have been prepared. 
These charts are arranged to determine: 6a, Som- 
merfeld number and the rotational oil flow; 60, film 
oil flow due to inlet pressure; 6c, chamfer oil 
flow; and 6d, power loss and temperature rise of 
the oil flowing through the bearing. Also included 
as a part of Fig. 6d is a viscosity-temperature chart 
showing typical curves for light, medium and heavy 
turbine oils upon which the operating curve for the 
bearing, as determined from the charts or from Equa- 
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tion 4, may be plotted. Finally, a nomograph for de- 
termining minimum oil film thickness, Fig. 6e, is in- 
cluded. 

The chart is quite general except for the dimension- 
less q versus S plot of Fig. 6a. This particular plot, 
based on similarity laws, holds only for 150-degree 
bearings; similar plots of q versus S obtained from 
calculations or experience, however, may be substi- 
tuted for other bearing configurations. For example, 
Fig. 7 illustrates q versus S charts for 120, 150, and 
360-degree bearings the latter consisting of two 
180-degree halves without an axial oil distribution 
groove.” ® 

In nomograph b of Fig. 6, film flow coefficient 
v is determined from a flux plot or field map of the 
oil flow in the region of the oil inlet or chamfer, as 
shown in Fig. 4. Trial and error sketching can be 
used to determine this pattern. Lines from the oil 
groove to the outer edge of the bearing are lines of 
constant flow; intersecting lines are of constant pres- 
sure. Usual procedure is to sketch in the latter free- 
hand. The intersecting lines are then drawn so that 
i = k, (giving curvilinear squares) and all inter- 
sections are perpendicular, including intersections 
with the boundaries of the flow “field.”’ Coefficient 
v then equals the number of flow increments divided 
by the number of pressure increments for the com- 
plete bearing. One point to watch is that intersec- 
tions must be kept perpendicular (no fudging al- 
lowed) so that the pattern will be representative. A 
good procedure is to use tracing-paper overlays over 
preceding sketches until the correct pattern is ob- 
tained; further details of the procedure can be found 
in most electrical engineering handbooks. 

Minimum oil film thickness, determined with nomo- 
graph 6e, is dependent only on the diametral clear- 
ance C and shaft eccentricity ratio n. The value of » 
to be used here may be read from the q versus S plot 
in Fig. 6a. Curves of constant n are shown so that n 
may be determined from the Sommerfeld number and 
the L/D ratio for the bearing. 


Alignment Chart Applications: Many varied types 
of bearing design problems can be worked with the 
aid of the alignment chart. Since the basic method 
of the nomograph procedure is shown in Fig. 6, re- 
sults will only be indicated in order to show the 
utility of the method. 

EXAMPLE 1— DETERMINING OPERATING TEMPER- 
ATURES: This example illustrates how increasing the 
chamfer size results in a lower operatirg temperature 
for the bearing. The bearing is 8 inches in diameter, 
t inches long, and has a diametral clearance of 0.0126- 
inch. It is to be operated at 2700 rpm under 1&0 psi 
average bearing load. The inlet oil temperature is 
40C and the inlet oil pressure, 10 psi. Chamfer 
(radial dimension of chamfer, a) is 0.015-inch, and 
the chamfer is 0.263-inch long. Film-flow coefficient 
v is 32.4, as previously determined. The operating 
line is determined for assumed viscosities of 15 and 25 
centipoises. The computed temperature rise as shown 
on Fig. 8 is 15 C for 15 centipoises assumed viscosity 
and 26C for 25 centipoises assumed viscosity. The 
resultant operatirg line is shown as curve 1 on the 
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viscosity-temperature plot. Note that in general the 
operating line is a curve and the computation of a 
third point on this line would serve to define the 
curve and to give a somewhat more accurate determi- 
nation, 

Now that the operating line has been determined, 
it becomes immediately apparent that on a light tur- 
bine oil the bearing will operate with an average 
outlet oil temperature of approximately 55C. When 
using a medium turbine oil, the outlet oil temperature 
will be approximately 63 C; and with a heavy turbine 
oil the outlet oil temperature will be about 66 C. From 
the oil viscosities corresponding to these temperatures 
for these three oils, the other characteristics of the 
bearing such as oil flow and power loss can be com- 
puted quickly with the alignment chart. 

EXAMPLE 2— INCREASING CHAMFER SIZE: If the 
chamfer size is now increased fourfold from 0.015-inch 
to 0.060-inch, with the same length and the same as- 
sumed viscosities of 15 and 25 centipoises, the re- 
sultant temperature rises are 9.6 and 18.8 C giving 
operating line 2 on the viscosity-temperature chart. 
This indicates average outlet oil temperatures of 

(Text continued on Page 1&6) 


Typical Design Results 























Table 1 
Curve 1 Curve 3 Difference 
(Cc) (C) (Cc) 
Inlet temperature ........ 40 60 20 
Operating temperature 
I ee Pere 7 12 
PE GD nse cc cvincsan” OB 74 11 
See GE onc kecsduwese's 66 76 10 
Table 2 
‘Bearing #§ ——Outlet Ol oll Power 
Clearance Viscosity Temperature Flow Consumption 
(in,) (centipoise) (C) (gpm) (hp) 
0.008 13.6 73.9 1.88 9.0 
0.0126 21.2 61.0 3.11 9.6 
, * 0.020 30.6 22.0 5.47 9.6 
Table 3 
L/D T2 Q H H/L Rin 
(C) (gpm) (hp) (hp/in.) (in.) 
0.5 61 3.1 96 0 8©=©— 2.4 0.0027 
1.0 66 3.8 14.5 1.8 0.0037 
1.5 72 3.7 17.7 1.5 0.0043 
US Table 4 
Oil D L P He Ts 
(in.) (in.) (psi) (centipoise) (Cc) 
Light 6.30 9.45 675 10.0 67 
Medium 5.75 8.62 . 810 14.0 75 
Heavy 5.66 8.49 835 15.1 78 








—Nomographs for Sleeve Bearing Design 


The following nomographs are based on analysis of 
total oil flow through a proposed sleeve bearing de- 
sign; the total oil flow consists of (see Nomenclature 
or work sheet) 


Y - Vr 7 Or Bu Qetot 


Three nomographs, 6a through 6c, give the solution 
for the total flow, as follows: 


qCDLN 
294 


Qr = Fig. 6a 


1.87 X 104 vC% p, 
He 


Fig. 6b 





47,200 


C i 
+ — ) m 
1 pe 2 


After total flow is determined, the temperature rise in 
the bearing may be computed from nomograph 64d, 
which is based on the equations, 


yy — 242 X 10° 8 jN2DS Lys 
198,000 C P 





Methods of Solution 


General Method: The dimensions and conditions 
which are known are: (a) D, C, N, P, L; (6) same, 
plus p,; (c) same, plus I, a, m; (d) same, plus C,, 7. 
Film-flow coefficient v is determined from a flux plot 
(see text); j is determined from the q versus § plot 
on nomograph 6a. Viscosity ye (~ on nomograph 6d) 
is the independent variable; values of py. are assumed 
to obtain the “operating line.” If no chamfers are to 
be used, nomograph 6c is not used. This method of 
solution is outlined in the sketches. 


Clearance for Fixed Temperature Rise: Assumed 
dimensions and conditions are the same as in the gen- 
eral method except that AT is also known, permitting 
pe to be determined from ihe AT-T7,-T, section and 
graph of nomograph 6d. The independent variable is 
C, and various clearance values are assumed until the 
correct clearance is determined on a trial-and-error 
basis, shown by correspondence of AT in nomograph 
6d with the desired temperature rise. A first approxi- 
mation to the clearance may be obtained from 


148 


42.4 H 
QC, 


By variation of any one of several factors, a series of 
points representing outlet oil temperatures is ob- 
tained, which can be plotted on the graph of nomo- 
graph 6d to determine an “operating line.” Intersec- 
tion of the curve drawn through these points with a 
viscosity-temperature curve for the oil used deter- 
mines the final conditions. 
Also useful are two other equations. 


Cc 


— (1 — n) 
2 


Rin 7 





2.42 X 10° wo N ( D )? 
P Cc 


A work sheet is also included, on which the basic 
working dimensions and other conditions may be 
entered. 


1.03 X 10-9 nw, D2 N 
Pi 





j| 25.8p: we L 
(- 1 +y1 4 Pi Be ) 
C,(AT) Hy D / 


Size for Safe Oil Film Thickness: A trial procedure 
requiring some judgment is necessary for this deter- 
mination. Thus, N, G, v, p, and h,,;,, are known. Ini- 
tially, chamfer flow is assumed to be zero, eliminating 
the need for nomograph 6c. A value for C is assumed 
which, by use of nomograph 6e, fixes n. By assuming 
an L/D ratio, values for S and q can be determined 
from the q versus S plot of nomograph 6a. Further 
assumption of several values for D fixes L and the 
unit loading P for each of these values. For each 
value of D, a value of y2 can be found by using nomo- 
graph 6a north of the q versus S plot; going east of 
this plot, Oz can be determined. The solution is then 
straightforward, with one value of Qp, Qr, Q and AT 
being found for each value of D; the several points de- 
termine the “operating line.” Using the intersection 
of this line with the curve for the oil to be used, the 
solution is then worked “backward” to determine the 
bearing design. A similar method can be used for 
varying L instead of D. 
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(a)—Rotational Flow 















































































































C ———eE—————E NU 
(0.001- in.) NY 
q 
“ 100 ~=—S 10 i 0.1 
(thousand rpm) . | r ps 
c oO l 
p 1000 100 10 (0,001-in.) (in) (in.) 
(psi 
ps!) 500 50 
100 10 i 
He beet 
(centipoise) 50 5 
Ss 10 O5 02 01 0.05 0.02 001 
0.1 
$215 / I | 
/ [p08 

























1°) 























4 


i 


a 


ttt ttl t+ 
T T TIT HT 


+ 


4 


rere as ree 
a ae 


on 


ee oe 


cee ae ae 


i 





errr 


byt 
Q 
© 


Opn 








(thousand rpm) 


° 


0.3 


0.5 


8 8 


Op 


4 —— 
4 


lalaistos I 
Tr?’ ?’ | Tt 


i 


| 


L 
iede od iol Oe Be Se i 


eae 


T 





ee wee 


igpm) 


° 
u 


0.6 


08 


© 
° 


oe 
o 


c 











awe eee, oe 
? ? 


(0.001-in.) 


re 
w 


eye 
Las) 





(b)—Inlet 
Pressure Flow 
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Work Sheet 








Diametral clearance, 22}. 6 6 © 6 2 ees eo eB 





Heat capacity of oil, Btu/gal/deg C .....-.. 
SeUenGt GHEE, Wc ec te KR Ki as a oe 
Power consumption of bearing, Np . . ee 6 6 6 © 6 © cm 
Length of bearing, iM. «2 6 se se te te 8 tt me ee ee ee 
Seema pees, CPM se ec ste we eee te eee a a a aa 


Bearing load, psi * . . 7 . . . + . . . . . + . . oo ——— — u—___ —— 


Zero speed chamfer flow, gpm... 2. 6 6 6 © 6 6 6 6 ee 





Single chamfer flow, gpm .... 2 © «© «© © «© © 2 








=Total chamfer flow, gpm (from nomograph c). 
Oil flow due to inlet pressure, gpm (from nomograph 6) .§.2 — uw 


Oil flow due to rotation, gpm (from nomograph a)... . —_ 





Total oil flow (Qcrop + Or + Op), gpm 








Semmertetad aumber «<« «ce ee eee ee eee 





Inlet oil temperature, C . 


eae Ge CRG, «tw te et 6 ee 6 & ole 6 ee Se ee ee 


Temperature rise of oil (77 —7),C . 2... 1 we we ee 





Chamfer dimension radial tojournal, in. . . . . ». « we oe 





Journal eccentricity, in. . 
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Dimensionless power loss ratio ... 





Anil tongmh of chemier,i@.. «© 2 6 © 6 8 te 6 OO fw ee 
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Eccentricity ratio, 2e/C 


Intet oil pressure, psi a oe a oe ae oe ae ae a a oe ee 





Dimensionless oil flow coefficient ...., « « « «eee 





Width—length ratio oil film flow pattern. . . . . . we 





Outlet oil viscosity, centipoises . . . . . « «es we es Par 
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(d)—Power Loss and 
Temperature Rise 
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52 C for light oil, 59.5 C for medium oil, and 62 C for 
heavy turbine oil. Opening the chamfers of the bear- 
ing has decreased the operating temperature an aver- 
age of 3.5C or 6.3 F. Note that much of the computa- 
tion is the same for both cases. 

EXAMPLE 3—CHANGING INLET OIL TEMPERATURE: 
The influence of inlet oil temperature is very easily 
demonstrated at this point since the inlet oil tempera- 
ture does not enter into the computation until the 
final step of plotting the operating line on the vis- 
cosity temperature plot. A rise in inlet oil tempera- 
ture from 40 C to 60 C is thus easily demonstrated by 
shifting curve 1 on Fig. 8 to the right by 20 C, giving 
curve 3. This does not result in an equivalent rise in 
operating temperature or average outlet oil tempera- 
ture for the bearing. The increase in operating tem- 
perature is smaller than the increase in inlet oil tem- 
perature as shown in TABLE 1. 

EXAMPLE 4—EFFECT OF CLEARANCE: It has often 
been observed in bearing test work that when bearing 
clearances are increased the operating temperature is 
reduced, the oil flow is increased, but the power con- 
sumption changes very little. This experience is 


Fig. 7—Below—Dimensionless oil flow coeffici- 
ent plots for 120, 150, and 360-degree bearings 


I 7 
SLEEVE BEARIN Merz 


readily confirmed by computations made with the aid 
of the alignment chart. The 8 by 4 inch bearing used 
in the previous example running at 2700 rpm and 
150 psi on medium turbine oil is influenced by changes 
in diametral clearance as shown in TABLE 2. What 
happens here is that the decreased shear rate in the 
larger clearance bearings is offset by the increased 
oil viscosity permitted by the larger oil flow. 
EXAMPLE 5—EFFECT OF BEARING LENGTH: The ef- 
fect of bearing length upon performance is likewise in- 
teresting. This effect is shown in TABLE 3 for the 8 
inch diameter bearing with 0.0126-inch diametral 
clearance operating at 2700 rpm and 150 psi, using 
medium turbine oil. Note that the longer bearings 
required very little more oil flow than the short bear- 
ings and operate more efficiently, requiring fewer 
horsepower per inch of bearing length or per ton of 
load carried. However, because of the relatively con- 
stant oil flow, the longer bearings run hotter than the 
short bearings. Despite this fact, the minimum oil 


1 Small chomfer 
Ty = 40C 





2 Lorge chomfer 





732 40C 
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Fig. 8—-Right—“Operating lines” for typical bearing as 


determined with nomographs of Fig. 6, showing 


fect 


of changing chamfer size and oil inlet temperature 
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film thickness is larger for the longer bearings. 

EXAMPLE 6—CHANGING SPEED: The effect of speed 
on the performance of the same 8 by 4 by 0.0126-inch 
bearing is readily computed and is shown graphically 
in Fig. 9. 

EXAMPLE 7—-DETERMINING CLEARANCE FOR FIXED 
TEMPERATURE RISE: A frequently occurring design 
problem is to determine the proper clearance for a 
bearing in order to achieve a given temperature rise. 
Here the proper clearance for a 5 by 5 inch bearing 
carrying 500 psi loading and running at 4000 rpm is to 
be determined. The bearing has two oil grooves ter- 
minating in 0.030-inch chamfers 0.25-inch long. The 
oil is light turbine oil at an inlet pressure of 20 psi 
and an inlet temperature of 120 F. The temperature 
rise is to be held to 40 F. 

The correct clearance is determined by first assum- 
ing a clearance and determining the temperature rise 
that results. When the computed temperature rise 
equals the desired value of 40 F, the proper clearance 
has been determined. In this procedure the outlet oil 
viscosity »». is assumed to be that at the desired out- 


Fig. 9—Effect of speed variations on power con- 
sumption, oil temperature and flow for 8 by 4 by 
0.0126-inch bearing carrying a 150 psi load using 


» 72 (C) 
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medium turbine oil 
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let oil temperature of 165 F, in this case 8.9 centi- 
poises, from the viscosity-temperature chart of 
Fig. 6d. 

A first approximation to the desired clearance may 
be obtained from 


1.03 X 10-9 4, D2N 
~~ | 





ee = 


Pi 
| 2538p, we L 
(-1+ y+ Ee. Ae. a ) 2. () 
C,(AT) #1 D 
Substituting the appropriate values in this equation, 
the first approximation to the correct clearance is 
found to be 





1.03 X 10-9(18.5) (25) (4000) 
20 


+ 





; —-- 25.8 (20) (1.8) 89 5 
(- 1+ y2 + —— — ) 
6.25(40) 185 5 | 





= 0.000064 
C = 0.0080-inch 


The approximate clearance of 8 mils is now tried out 
on the chart and is found to give a temperature rise 
of 28 F. This is smaller than the desired temperature 


Fig. 10—Temperature rise and outlet oil viscosity 

variations with changes in bearing diameter in a 

typical bearing designed for fixed minimum oil 
film thickness 
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rise of 40 F and so a clearance of 6 mils is tried next. 
The result for 6 mils clearance is a temperature rise 
of 41.5 F which is close enough to the desired value 
of 40 F. The designer might, therefore, specify a 
clearance of 6 to 7 mils for this bearing. The oil film 
thickness would be 0.0010-inch minimum. 

EXAMPLE 8—CHOOSING A BEARING SIZE FOR SAFE 
Om FILM THICKNESS: Determination of the bearing 
dimensions required to achieve a certain minimum 
value of oil film thickness also requires a trial pro- 
cedure combined with some judgment on the part of 
the designer. It is most readily done by assuming a 
value of clearance which, with the desired minimum 
value of oil film thickness, fixes the maximum permis- 
sible eccentricity. The further assumption of an 
L/D ratio for the bearing then permits the deter- 
mination of the minimum value of Sommerfeld num- 
ber from the q versus S chart of Fig. 6a, which also 
carries lines of constant eccentricity. By assuming 
two or three values of bearing diameter, an operat- 
ing line may be charted for a constant minimum oil 
film thickness and constant total clearance. If total 
load to be carried and desired speed are fixed, the 
assumed diameter and L/D ratio determine the unit 
loading, P: 


G 


»(-E) 


Use of the alignment chart for Sommerfeld number 
indicates the proper value of outlet oil viscosity for 
each assumed diameter. The calculation of oil flow 
and temperature rise is straightforward, following 
which the operating line may be plotted. 

This type of computation is illustrated by a bearing 
required to carry 40,000 pounds at 1800 rpm with a 
minimum oil film thickness of 0.0008-inch. The cal- 
culation has been carried out for a clearance of 0.008- 
inch, L/D = 1.5, T; = 40 C, P; = 15 psi, and no 
chamfers (which eliminates the use of Fig. 6c). How 
po and AT vary as a function of bearing diameter is 
shown in Fig. 10. From the operating line and Fig. 
10, the results shown in TABLE 4 are obtained for the 
three grades of turbine oil. 


Summary: Computations of the type which have 
been described and illustrated herein make bearing 
design relatively simple, and give the designer an ac- 
curate means of comparing one design with another. 
The effects of changes in clearance, load, speed, base 
oil viscosity, inlet temperature and pressure, chamfer 
dimensions and oil groove shape upon the bearing 
performance can also be judged. 

These comparisons may be made without the uncer- 
tainties which attend the experimental comparison of 
bearings differing only slightly. The method on the 
other hand may be found somewhat less accurate 
when an attempt is made to compare the predicted 
results with those found experimentally, and for sound 
reasons. Actual bearing performance may not agree 
precisely with predicted performance because of (1) 
inaccuracies in bearing manufacture, (2) bearing mis- 
alignment upon assembly, (3) variation in the vis- 
cosity-temperature behavior of the lubricating oil, 
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(4) variations in oil feed temperature and pressure, 
shaft speed and bearing load, and (5) inability to cal- 
culate exactly the heat transfer from the bearing by 
conduction and radiation. 

This latter point has only briefly been touched upon, 
the alignment chart being based on the assumption 
that all the heat generated in the bearing is removed 
by heating of the oil passing through the bearing. If 
the heat flow from the bearing by conduction and 
radiation can be estimated, its effect may be intro- 
duced into the computation on the alignment chart. 
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Vibration Generator 


LECTRONIC equipment is being called upon 
for applications where it is subjected to severe 
shock and vibration, and engineers have had to de- 
velop special components rugged enough to withstand 
such strenuous service. Electron tubes are a particu- 
lar problem from the standpoint of severe vibration. 
In addition to being strong enough not to fail mechan- 
ically, the tube must be low in microphonics; spurious 
electrical signals generated by vibration of the tube 
must be low in relation to the desired signal that the 
tube is handling. In ordinary receiving tubes, micro- 
phonics may easily be a thousand or even a million 
times greater than the intrinsic tube noise. Tube mi- 
crophonics can be a particularly difficult problem in 
miniaturized equipment. 

An improved wide-range vibration generator is fa- 
cilitating the study of low-microphonic tubes in the 
electron tubes laboratory of the National Bureau of 
Standards. The NBS tube vibrator produces acceler- 
ations up to 20 times that of gravity and is flat within 
20 per cent over the unusually wide range of 100 to 
100,000 cycles per second. The tube under study is 
fitted into a hole in the vibrator’s moving element, or 
armature. The armature is a cylindrical block of non- 
magnetic material with a “voice coil’”—for the audio- 
frequency driving voltage—at its lower end. Two flex- 
ible metal strips hold the armature centered in an 
electromagnetic field structure powered by 40 watts of 
120-volt direct current. Although the only model of 
the NBS tube vibrator thus far constructed was built 
to accommodate subminiature-type tubes, the design 
could readily be modified for microphonics studies of 
miniature or octal tubes. 


Correction 


In the article, “Predicting Casting Costs,” by Philip 
Tripoli which appeared in the June issue of MACHINE 
DESIGN, transposition of two charts occurred inadver- 
tently. Charts in Figs. 3 and 7 should be transposed. 
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CONTEMP OF 


Electric Hammer Drill Bit 


Rotates 

/ pi 

wy /s 
i, Uromare rotation of the drill bit in the model 26-RO 
Electric Hammer Drill is accomplished with a simple 

rubber ratchet mechanism, eliminating the conventional mer piston causes the tool holder to 

manual quarter-turning required. Designed by the Syntron rotate slightly, with considerable torque, 


Co., the 2-inch capacity drill strikes 3600 blows per minute thus producing almost continuous rota- 
with 60-cycle current. Each blow and recoil of the ham- tion. 


> Automatically 


Reciprocation of the steel ham- 
mer piston is accomplished by 
energizing two coils alternately, 
causing the piston to reciprocate 
at the frequency of the energizing 
current. Commercial 25, 50 or 
60-cycle ac current is rectified 

with an integrally mounted selenium rectifier so that forward current 
flow is through one coil, and reverse flow through the other. Recoil of the 
return stroke of the piston is converted into additional hammering force 
by a rubber bumper, whereas “bounce” off the incompressible toolholder 
and tool is relatively slight. Thus, a large part of the energy of both up and 
down-strokes is converted into useful work. 





To accomplish rotation, a drive disk is shrink-fitted 
on the toolholder, the two pieces acting as one part. Two 
drive cans, housing the rubber camming pads, are clamped 
together to preload the camming pads, and are connected 
by tierods to the rubber bumper and spring at the handle 
end of the hammer. This entire assembly is free to move 

an axial distance of approximately 1/32-inch. When the 

. peer | Lower piston strikes the toolholder, the drive disk compresses 
pod pod the legs on the lower camming pad, causing the disk to 
Drive disk rotate slightly (see inset). As the piston leaves the 
toolholder, the lower legs tend to return to their original 
position. Since the disk is kept from rotating by the legs . 

on the upper pad, slippage occurs between. the lower legs 

and the drive disk. An additional rotational impulse is 

furnished by the “bounce” of the toolholder toward the 

handle end, which forces the disk against the upper cam- 

ming pad to provide a second minute rotational thrust. 

Exactly the same sequence of actions occurs on the up- 

stroke when the piston hits the rubber bumper, except 

that the drive can compress the rubber pads against the 

drive disk. 
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DR ARY DESIGN 


Tall, Slim Styling Featured 


Water Coolers 


i A MARKED departure from 

traditionally “boxy” styling, a 
new line of General Electric water 
coolers emphasizes tall, slim lines. 
Requiring 30 per cent less floor 
space, the recently annouced 
coolers are 41 inches high, but only 
14% inches wide and 13 inches 
deep. The pressure-type cooler 
features a front apron and top of 
electropolished stainless steel, com- 
bined with a louvered front panel 
that tapers in from top to bottom 
to a full-width pedal control. In 
the bottle cooler, the faucet has 
been recessed for safety. 


The same basic case and pan 
assembly is used for both models, 
with the physical arrangement 
from the middle pan down being 
similar. A static condenser with- 
out fan and motor is used for the 
bottle coolers; the pressure coolers 
are fan-cooled. In both types, the 
complete front panel snaps off for 
quick access to the interior con- 
trols and mechanisms. Eight water- 
temperature settings are available 
on each type, and a sealed motor- 
compressor is used. 
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Automatic Lathe 






Stops at 






Fixed Position 






Regulating vaives 





Rack cylinder 





Solenoid 
valves 










POSITIONING device on the Tarex 
(Swiss) automatic lathe acts as a 
brake on the work spindle, and stops it at 
a definite angular position. The device 
operates at speeds lower than 10 rpm after 
the regular brake has been automatically 
uncoupled, and the final angular position 
is adjustable in 3-degree steps by an index- 
ing plate. 
The spindle, which rotates counterclock- 
wise, is brought down to uncoupling speed 
by a magnetic brake. At this point, a 
rack driven by a pneumatic cylinder ro- 
tates a drum cam through a gear set. The 
drum cam is free to rotate and move axial- 
ly along the shaft, since it is supported on 
the shaft by a keyed sliding sleeve and 
ball bearings. As it rotates, a follower pin 
riding in the drum-cam groove moves the | 
cam axially. A spring-loaded pin in the 
cam rides over the face of an indexing 
Rack plate until it enters a tapered hole, after 






















Adjusting 
ring 










































































Drum cam Magnetic which the indexing plate, drum cam and 
[/ZZIZIT, Spring loaded pin broke spindle rotate as one unit; the indexing 
Rotating pneumatic plate is tied to the spindle through an ad- 
cylinder | justing ring. Rotation is halted at a fixed 
R &/ 7 position when a stop plate on the drum 
aga ae Sy i= cam meets a corresponding stop; a hy- 
YAS aT draulic dashpot damps out any shock. 
me Sa 1K eae Be Control of the rack cylinder is by a 
: solenoid valve, and needle valves regulate : 
| x ? the air supply. Position of the indexing 
LY ; aE oy (ge Aa np plate in relation to the spindle can be 








changed by backing off the adjusting ring 
keyed to shaft and rotating the indexing 
plate; axial teeth on the plate and ring ‘ 
tie the two units together. Chuck actuation 
is through a rod within the hollow spindle, 
operated by a pneumatic cylinder that 
rotates with the spindle. The spindle runs 
Spindle we ol Follower pin in two ball bearings, the larger of which 
also takes thrust loads. 
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Special Bearings 





Increase 






Surface Grinder Accuracy 









Lhe 180-degree bearings, 

adjustable for takeup of wear, 
help provide accurate operation of the 
No. 1 Super Surface grinder of Arthur 
Scrivener Ltd., Birmingham, England. 
The 6 by 18-inch table can be operated 
either by hand or hydraulically, with 
manual or automatic reversal of speeds 
up to 66 fpm. 
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Vertical rise and fall of the wheelhead can 
be adjusted to 0.0001-inch, controlled by a 

| handwheel and fine-feed attachment. The 
entire spindle is enclosed, and revolves at 

2800 rpm in an oil bath. It is coupled directly 
to a 1-horsepower ac motor. 






































i Locknut—- 
| The Nitralloy spindle, site see 
1% inches in diameter, e 
; runs in two long, rigid capes 
plain bearings. Adjust- "Can —— 
ment is through an ad- ros buns i 
justing screw and lock- an < Pads 
nut, which loads each N Bearing 
bearing through two N 
pads; an equalizer . 
: S \\ 

1 bridge and pad buttons N , 
distribute the “‘preload”’ = YA VA\VALY UV | VA: 7 
equally between each U4, Ly, yy yy yyy = 
pad. Thus the spindle WYLRGIZZE iS YARIS 


























can be kept running ac- 
curately for years de- 
spite bearing wear. 
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CONTEMPORARY 


Bar Machine Designed for 
Simple Setups 


IMPLE operational setup—one of the de- 

sign objectives in the new Model 126 single- 
spindle automatic bar machine of New Britain 
Machine Co.—has been accomplished by elimi- 
nating feed-gear changes and clutch and brake 
adjustments. Turret, cross-slide and cutoff 
feeds are correlated to the spindle speed, at 
definite ratios adjustable by simple cams and 
a speed-changing mechanism for each turret 
position. 





Spindle speed is infinitely variable over a range from 78 


to 1500 rpm with an adjustable motor base and variable-pitch 


sheaves. 


P 4 Cross slide arms 


! 
Turret, 


> 
Cutoff slide 


: Front slide 
7 


A program drum, which makes one complete revolution 
for each turret cycle, controls all operation sequences. The 
drum is divided into five sections corresponding to the five 
turret stations. Preset strip cams and five limit switches 
time the movements in proper sequence; the limit switches 
control (from front to rear) turret feed, turret rapid trav- 
erse, the cutoff air cylinder, chucking and unchucking, and 
stock feed. Also mounted on the drum are five shifter arms, 
each adjustable to ten positions, which preselect any one 
of ten feed ratios in an automatic transmission. Thus, length 
of the feed stroke up to 634 inches is controlled by a limit 
switch, and rate of feed by the shifter arms. 
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The turret has five positions, of which 
the fifth is for cutoff, unchucking, bar feed 
and chucking. A cross-slide cut can also be 
made in this position. Both cross-slides are 
operated by arms actuated by wedge-shaped 
cams on the nose of the turret. These cams 
are furnished in four standard shapes to give 
definite ratios of cross-slide feed to turret 
feed. Height of the cams may be varied with 
jack screws to control depth of cut, and 
intermediate ratios can be obtained with a 
setting gage. The cutoff slide, mounted on 
the front slide, can be moved forward by 
an air cylinder, so that the final cutoff 
operation, actuated 
by a fixed cam at 
the fifth turret posi- 
tion, does not inter- 
fere with use of form 
tools on the front 
slide. 
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Packaged 







... for ease of maintenance 
and product versatility 


By John L. Moody and Leo Freiberg 


Mgr., Research & Development Electrical Eng. 
Friden Calculating Machine Co. Inc. 
San Leandro, Calif. 


ASE of maintenance is an essential design re- 

quirement. It may often be the deciding fac- 
tor when a customer chooses between two prod- 
ucts of comparable quality, cost and performance. 
Simplified servicing must be assured without sacri- 
fice of other requirements. 

Applicable in diverse forms of equipment, one way 
of achieving this objective is to use a packaged power 
unit, one that incorporates all essential power sup- 
plying components, and can be easily removed and 
installed. Illustrating the advantages of packaged 
power, this article discusses application of the con- 
cept to office equipment such as desk calculators. 

The entire electrical power unit of the calculator 
is mounted on a single plate, Fig. 1. This equip- 
ment includes a series wound motor, governor, re- 
sistor, capacitor, switch and three-pronged connector 
block. Installation is accomplished by slipping the 
unit into the back of the machine, connecting the 
motor shaft to a gear reduction unit through a 
leather coupling and fastening with four screws. 

When installed the unit is completely insulated 
from the rest of the calculator by insulating bush- 
ings, through which the mounting screws pass, and 
a sheet of 1/32-inch thick insulating material between 
the mounting plate and calculator base. As a further 
safety precaution, the unit is grounded through the 
center prong of the terminal block which connects 
through a third wire in the calculator cord to the 
grounding means at the wall receptacle. 

In the event of a machine failure due to failure 
of some component of the power unit, the entire unit 
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Fig. 1 — Above — Packaged-power unit 
components are mounted on a small 
plate which is easily removed or installed 













Fig. 2 — Below — Interference free power 
package uses same basic components as 
standard unit and is interchangeable with it 















































































Fig. 3—Suppressed and shielded power package meets 
rigid specifications for low radiated noise level. Shield 
with round perforations eliminates noise more effective- 
ly than shield with square openings of equal area 


may be removed and replaced in a matter of min- 
utes. The faulty unit can then be taken to the re- 
pair shop for reconditioning under more favorable 
circumstances. 

Additionally, machines are easily converted for use 
on various power supply voltages simply by sub- 
stitution of the correct power unit. Several ad- 
vantages result from this factor. Assembly and 
testing may be carried out using some standard 
power supply voltage, such as 115 v 60 cycle ac. 
A machine may then be converted to operate on any 
other desired power supply by substituting another 
power unit. Distributor inventory can consist of 
fewer machines, as one machine can easily be modi- 
fied to operate on a variety of voltages by instal- 
lation of the proper power unit. If, for some reason, 
the customer should wish to convert his machine 
for operation on a voltage other than that for which 
the machine was originally supplied, the conversion 
can be made simply by installing another power 
unit. This convertability is especially appreciated 
in foreign countries where different voltages may be 
supplied on different floors of the same office building. 

Although 90 per cent of the installations made 
use the previously described unit, there are many 
instances in which a special power package must be 
used, to prevent radio frequency interference. Typi- 
cal of such installations are those on ships of the 
U. S. Navy. The entire personnel of a vessel is 
jeopardized when interference clouds a radar screen 
or makes reception of an important radio message im- 
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possible. Radio frequency interference cannot, there- 
fore, be tolerated. 

The interference problem was solved by a sup- 
pressed and shielded power unit Figs. 2 and 3, which 
meets rigid requirements for both radiated and con- 
ducted noise level. This unit is interchangeable 
with the standard unit. 





“Hydraulic Control Systems” 
Reprints Available 


The five-part series, “Hydraulic Control Systems,” 
by R. Hadekel is being reprinted owing to numerous 
requests for these articles. Compiled under one cover, 
the series is being made available at one dollar per 
copy with discounts on quantity orders. Address 
Readers’ Service Dept., MACHINE DESIGN, Penton Pub- 
lishing Co., Cleveland 13, Ohio. 





Crane Swing Eliminator 


“a? ELIMINATE dangerous crane swinging when 

thermally or radioactively “hot” materials are 
being handled, the Argonne National Laboratories 
have developed an antiswing device which may be 
added to a conventional crane and hoist at relatively 
low cost. The mechanism automatically moves the 
crane carriage in a direction opposing that of the 
swing to bring the load to complete rest in only one 
swing at the exact position desired—load “jockeying” 
is unnecessary. 

A transducer and servomechanism operate the crane 
drive to produce the desired result. Angle of swing 
is converted to a proportional electric current which 
feeds the servomechanism. A servomotor then moves 
the crane carriage the exact amount required to stop 
the load swing. The mechanism has been successfully 
operated in model form at the Argonne Laboratories. 
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SERVOMECHANISM may be defined as one 
kind of system intended to cause a controlled 
variable, the output, to follow closely a con- 

trolling variable, the input, by measuring the differ- 

ence between the two, the error, and causing this 
difference to alter the output in such a sense that the 
difference will tend toward zero. Systems of this type 
may be divided into regulators, in which the input is 
normally fixed, and servomechanisms, in which the 
input is normally subject to more or less arbitrary 
variation. Many of the automatic valves encountered 
in this series are regulators by this definition, includ- 
ing relief valves, reducing valves, and metering valves. 

Thus a relief valve compares the pressure load on the 

spool or output with the spring load or input, and ac- 

cording to their difference opens the passage until 
output and input are equal. 

There is a general theory of servomechanisms and 
regulators, which is applicable whatever the type of 
component from which the system is built up, be it 
mechanical, electrical, hydraulic, or pneumatic, and 
whatever the type of variable under control—position, 
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Part 5-Servo Systems 


By R. Hadekel Consulting Engineer, London, England 


ton rod 





HYDRAULIC CONTROL SYSTEMS 


Basic design of machine hydraulic systems is put 
on a methodical and consistent foundation in this 
series of articles to aid development of cir- 
cuits for maximum simplicity and effectiveness 


speed, temperature, etc. This theory is concerned 
chiefly with the means of achieving the desired de- 
grees of stability and accuracy, and is too complex 
to be even sketched out here. (See References 5, 6 
and 7, Part 1.) 

By far the most important type of servo system, 
and the only one which will be considered here, is the 
positional servo—that in which the controlling and 
controlled variables are displacements of mechanical 
members. The simplest and often the most convenient 
way of measuring the error is by means of a mechan- 
ical linkage. To avoid a discussion in abstract terms, 
the problem will be illustrated with actual solutions 
for the case of hydraulic servos, consisting of a se- 
lector and cylinder, pressure fluid being continuously 
available. If the selector body is mounted on the cyl- 
inder piston rod and the selector lever or slide is con- 
nected to the input linkage, as shown in Fig. 127, the 
desired objective is achieved since the actual degree 
and sense of opening of the selector depend on the 
error, or the difference between motions of the input 
link and cylinder and the latter will be actuated until 
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the error is brought to zero. 

This linkage may be the simplest possible, but in 
practice is not always the most convenient because oil 
must be brought to the selector through flexible lines 
which must be capable of accommodating the whole 
stroke of the cylinder. Two alternative linkages are 
shown in Fig. 128, and these avoid the problem of 
flexible lines by allowing the selector to remain fixed. 

In the linkages shown, the input load is that re- 
quired to operate the valve, which may be limited to 
frictional forces. In some systems it may be desirable 
to have “feel”—to make the input load equal to a fixed 
fraction of the output load—and this can be done by 
using a valve for which the operating load is propor- 
tional to the pressure in the cylinder lines. An exam- 
ple of such a valve is shown in Fig. 129. Exactly the 
same result can be achieved by purely mechanical 
feedback of load—by a modification of the linkage of 
Fig. 128a as shown in Fig. 130. If the input motion 
is one of rotation over a large range of angles, as 
for instance in vehicle steering gear, a convenient 
linkage is formed by an epicyclic gear train, as shown 
in Fig. 131. 

Usually the amount of error is limited by the max: 
imum travel on the valve or equivalent controlling 





element. The input speed cannot then exceed the 
maximum possible output speed, which is limited by 
the characteristics of the system. In some cases such 
as aircraft flap controls it is desirable to allow unlim- 
ited error; the input lever is set to the desired posi- 
tion and the output is allowed to follow up in its own 
type. This action can be easily achieved by allowing 
the valve sufficient overtravel, or by interposing a 
cam or equivalent mechanism to allow large errors 
without correspondingly large valve travels. 


Problems of Hydraulic Servos: The selector and 
cylinder combination discussed in the preceding sec- 
tion is but one of the many possible components which 
could be used for the purpose. The linkage of Fig. 127 
is probably limited in practice to a cylinder and se- 
lector system or to close equivalents thereof, but the 
other linkages shown apply in principle to any sys- 
tem. In such systems the selector is replaced by a 
general controlling element and the cylinder by a 
general power element. In hydraulic servo practice, 
the power element—motor or output element—can 
hardly be anything but a cylinder or a hydraulic mo- 
tor plus reduction gear. The only two types of hy- 
draulic position servo of practical interest at the time 
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Fig. 129 — Valve de- 
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set at a fixed fraction 
of the output load to 
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Fig. 128 — Servo systems with 
fixed selectors which avoid the 
need for flexible lines 
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of writing are those based on control by a selector or 
resistance, and those based on control by a variable- 
delivery pump. 

If the controlling selector is a slide valve with defi- 
nite overlap in neutral or a seating valve with definite 
clearance between lever and valve push rods, there 
will be a small zone of error to which the control is in- 
sensitive, and high accuracy cannot be obtained. To 
get maximum accuracy, it is necessary to use a slide 
valve with negative overlap or underlap as it is some- 
times called, such as the type shown in Fig. 54b, Part 
1. The same effect is obtained with a seating selector 
with negative push rod clearance, i.e., a selector in 
which all valves are slightly lifted from their seats in 
the central position. In some low power systems such 
as copying machine tools, it may be more convenient 
to use the circuit of Fig. 54a, the controlling element 
being a throttle valve instead of a selector. With this 
system zero steady-state error can be achieved only if 
the cylinder load (including friction) is zero. The 
same applies to negative overlap selectors within the 
range over which negative overlap exists. In prac- 
tice, however, systems of this type can be made ex- 
trem.ely accurate, since only very tiny errors are re- 
quired to develop very large cylinder loads, i.e., the 
“stiffness” of the system is high. With position over- 
lap or push rod clearance, the stiffness is zero within 
the overlap range and infinite beyond it since, however 
small the selector opening, the full cylinder load will 
be developed once the system has stopped moving, 
and there is no pressure loss due to throttling. 

Part of the problem of servos consists in regulat- 
ing the speed of the output to equal that of the input, 
which may have any value down to zero. In the sys- 
tems so far examined, this regulation is achieved by 
throttling the flow to the cylinder with consequent dis- 
sipation of power. Unless the peak power is low, this 
dissipation can usually not be tolerated and the ques- 
tion of unloading arises. Many of the unloading 
methods discussed in earlier articles are inapplicable 
to servo systems for obvious reasons. 

Use of open-center selectors in the normal manner 
is subject to the following conditions: 


1. The selector must be spring centered and the cen- 
tering spring powerful enough to overcome friction 
in the input linkage. 

2. The system must be irreversible. 

3. The input member must be released to allow the 
system to be unoaded. 


The third condition is impracticable in many, perhaps 
most, servo controls. 

If the selector is not spring centered and the input 
linkage is not released, the control will stabilize at a 
position in which the by-pass path is throttled to the 
exact extent necessary to produce a pressure corre- 
sponding to the cylinder load, which may be accept- 
able if the operating conditions are such that the 
load is fairly small when the cylinder is stationary. 
The travel required to close the open-center path, how- 
ever, may still be excessive and involve large steady- 
State errors. If the steady-state load is appreciable, 
though residual pressure will be maintained in any 
event and, hence, the unloading passage can be made 
quite small. The resulting valve would be intermedi- 
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ate between the open-center selector of Fig. 132 and 
the negative overlap selector of Fig. 54b. The pas- 
sages in neutral would be large enough to accommo- 
date the full pump flow at substantially less than the 
peak pressure, but would not be so large as to reduce 
pressure to nearly zero in the neutral position and 
the resulting error or stiffness may then well be quite 
acceptable. 

Another possible partial solution would lie in the 
use of an accumulator and cut-out system. Both 
here and with the open-center system, the resulting 
power dissipation may still be excessive in many 
cases. The problem of power dissipation in servo 
systems with speed control by throttling is still un- 
solved —hence the attraction of variable-delivery 
pump systems. In such systems power dissipation 
is limited to losses in the pump which may, however, 
be far from inappreciable if large steady-state loads 
have to be resisted. The usual variable-delivery pump 
servo utilizes the basic system of Fig. 133, control 
being from the error link. A basic characteristic of 
this system is a “dead zone” effect if the cylinder 
load is zero or includes friction. In some systems” 
this effect is eliminated by super-imposing a high- 
frequency dither on the delivery control member. 

The foregoing sections have barely skimmed the 
surface of the subject of hydraulic servos, which is 
regarded as too specialized to warrant more exten- 
sive treatment in this series. Various more advanced 
aspects will be treated in later articles to be devoted 
to this subject. 


Port Valve Friction and Hydrodynamic Loads: A 
subject of particular importance in connection with 
servos is that of valve operating loads. In theory, 
if a slide valve is balanced in the sense of achieving 


*G. C. Newton Jr.—‘‘Hydraulic Variable Speed Transmissions as 
Servo Motors’’. Journal of the Franklin Institute, Vol. 243, No. 6, 1947. 




















Fig. 132—-Open-center selector with large 
negative — as compared to that of 
the selector of Fig. 546 
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perfect radial symmetry, there should be no trans- 
verse loads, between spool and sleeve, other than 
those set up by viscous drag and by transverse reac- 
tions from the lever mechanism, both of which are 
extremely small. In practice this is not the case. 

While a slide valve is in motion, lubrication effects 
tend to keep the spool centralized with respect to 
clearance, and under this condition the friction is 
indeed very low. When motion stops, the spool is 
free to set itself eccentric, but any forces tending to 
have that effect are opposed by viscous forces. Hence 
for some appreciable time after cessation of motion, 
starting friction remains quite low, but grows after 
the valve has been left at a standstill. 


Valve friction phenomena have been investigated 
in considerable detail by Sweeneyt who has shown 
that they are due to transverse loads set up by de- 
partures from the theoretical symmetrical pressure 
distribution in the leakage path, caused by minute 
taper or other imperfections of the spool and/or 
sleeve surfaces. It is noteworthy that the spool has 
a self-aligning action in that it sets its axis parallel 
to that of the sleeve, whether or not it is eccentric. 


+ D. C. Sweeney—-‘‘Preliminary Investigation of Hydraulic Lock’’, 
¥ngineering, 26-10 and 9-11, 1951. 
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If the taper is such as to give an increasing gap in 
the direction of leakage flow, the spool is unstable 
and will touch the bore under quite high load, thus 
causing friction. If the taper is in the opposite sense 
—if the gap decreases in the direction of leakage flow 
—the spool is stable in the central position, and 
there is no friction. 

In accordance with this theory, it is found that 
friction loads can be substantially reduced by inter- 
rupting the sealing land by one or more circumferen- 
tial grooves, as shown in Fig. 134, which have the 
effect of tending to restore symmetry of pressure 
distribution. It has also been suggested that addi- 
tional and possibly much worse friction effects may 
be associated with dirt in the oil, but further evidence 
is needed before this can be accepted. 

In servo applications—where it is particularly es- 
sential to keep valve operating forces to a minimum 
—friction is often eliminated by giving the sleeve a 
movement of rotation relative to the spool, or by 
superimposing a high frequency dither on the motion 
of the latter. As implied previously, friction can also 
be eliminated by giving a suitable taper to some of 
the valve lands. Yet another method is shown in 
Fig. 135. Pressure is admitted through paths of high 
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fig. 134—Use of seal- | () 























resistance to three equally spaced depressions on a 
land; the pressure at each depression will depend on 
local clearance, increasing as the latter decreases, 
thus giving self-centering action. 

Slide valves and, for that matter, rotary valves as 
well are subject to hydrodynamic forces caused by 
throttling of fluid at the ports. These forces arise 
because the fluid being throttled leaves or enters the 
spool at an angle, even in the absence of taper at 
the lands. With perpendicular lands the angle is about 
69 degrees, Fig. 136. These effects have been exten- 
sively analyzedt and it is shown that the force is 





t Shih-Ying Lee and J. F. Blackburn—‘‘Contributions to Hydraulic 
Control. 1—Steady-State Axial Forces on Control-Valve Pistons. 2— 
Transient-Flow Forces and Valve Instability,"’ ASME, Transactions, 
1952. 


Fig. 135—Valve spool design 
with three resistance flow 
aths to provide self-center- 
ing action for low friction 
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always a centering one, and is given by 


F = 0.0045q\/p 


for each port at which throttling takes place, F being 
the force in pounds, p the pressure drop through the 
port in psi, and q the flow in cu. in. per sec. This ap- 
plies to perpendicular lands—in the presence of taper 
the force in somewhat higher. It is also shown that 
there are transient forces depending on the rate of 
movement of the valve, which may in some cases 
cause instability. 

A recommended very rough assumption for design 
purposes, which is probably on the conservative side 
for the majority of typical slide valves, is to take the 
initial friction as 0.03 times the product of the peak 
system pressure, p, and the cross section area of 
the sleeve bore, A. On this basis, to give a healthy 
margin, a return or centering spring should have an 
initial strength of say 0.05pA. It is possible to 
tolerate a substantial decrease in load with spring ex- 
tension, since friction drops to almost zero as soon 
as the valve begins to move. On this basis, the load 
required to operate a spring-centered or spring- 
returned valve will be 0.08pA. If the valve is oper- 
ated by pressure, a minimum load of 0.1pA should 
give an adequate margin. 

Similar considerations apply to nominally balanced 
rotary valves, but assessment of the initial friction 
seems to be considerably more difficult, and it is 
doubtful if any simple general rules can be devised. 









































Fig. 136—Action of oil 
flow through typical 
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ROBLEMS in the design of high-speed cam mech- 

anisms, in which inertia forces and elastic proper- 

ties of the follower linkage become major factors 
in the behavior of the system, are currently receiving 
increased attention. Considerable interest is being 
shown, for example, in the effects of rate of change 
of follower acceleration. Cams designed for follower 
motions based on the parabolic law, those based on the 
simple harmonic law, and cams machined as a series 
of circular arcs and tangents are criticized because of 
the theoretically infinite rates of change of accelera- 
tion encountered at the transition points from one 
curve to another. As a consequence, more complex 
follower motion laws are being considered; the cy- 
cloidal law, in particular, has received much attention. 
Designs may also be worked out for follower accelera- 
tion schedules based on experimental work and not 


conforming to any simple or readily written motion 
equation. 

An important factor entering any detailed cam an- 
alysis, whether the design be based on a simple or a 
complex motion law for the follower, is the cam curva- 
ture. The radius of curvature enters any calculation 
of contact stress between cam and follower. Knowl- 
edge of the relation between cam radius of curvature, 
follower motion, and cam base circle is useful in se- 
lection of the size of the base circle for a proposed 
design. 

Some of the published material on the computation 
of radii of curvature is listed at the end of this ar- 
ticle.1-* The most comprehensive treatment is Bax- 
ter’s. The presentation in Baxter’s paper makes use 
of differential geometry. The purpose of this article 


References are tabulated at end of article. 





























Fig. 1—Cam of known con- 
tour with reciprocating flat- 
faced follower, a, and its 
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GRAPHICAL METHODS for finding velocities and accelerations of cam 


followers by use of relative velocity and relative acceleration equa- 


tions are presented in this three-part series. How the same equations 


can be used to determine the cam radius of curvature for any speci- 


fied follower motion is also discussed. Specifically treated are re- 


ciprocating in-line and inclined flat-faced followers, reciprocating 


and oscillating roller followers, oscillating flat-faced _follow- 


er, and reciprocating roller 


follower with reciprocating cam. 





Part 1—Reciprocating In-Line Flat-Faced Follower 


is to present a graphical method of approach and, at 
the same time, to show how the graphical solution 
may be used to give an analytical equation. 

The basic principle underlying this discussion is 
that geometric properties of cams, such as radius of 
curvature, can be established from kinematic proper- 
ties—from velocities, accelerations, etc. In other 
words, the thinking is done in terms of velocities and 
accelerations, even though the final result may be a 
purely geometric quantity. The general idea, usually 
credited to Hartmann,‘ can be illustrated by reference 
to any plane curve. 

If the curve is given in equation form, either in rec- 
tangular or polar co-ordinates, for any point of the 
curve the radius of curvature can be calculated by 
well-known formulas developed in elementary calculus. 
If, on the other hand, one was not given the equation 


Fig. 2—Velocity polygon, a, and ‘acceleration 
polygon, 5, for systems shown in Fig. 1 
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of the curve but was told that a particle traveling the 
curve had a velocity V and an acceleration A at a cer- 
tain instant, then for that point of the curve one could 
find the radius of curvature R from 


B= Vij ......... PO RT eS A (1) 


where ,,A is the normal component of acceleration (the 
component of acceleration perpendicular to the ve- 
locity). In the study of machine kinematics, equa- 
tions for paths of motion are usually very difficult to 
write and work with, but techniques for determining 
instantaneous velocities and accelerations are com- 
paratively simple. Hence, while at first glance it may 
seem a rather roundabout procedure to use velocity 
and acceleration analyses to determine geometric 
quantities, actually it proves to be a very useful tool 
in kinematic design. 

This article will expand on the foregoing idea as it 
applies to disk cam mechanisms, reviewing methods 
for determining velocities and accelerations and show- 
ing how the same methods can be used to determine 
cam radii of curvature when motions are specified. 
Graphical processes will be used. For most work, the 
numerical results obtained from the graphical solu- 
tions are sufficiently accurate. However, it will also 
be shown that analytic expressions can be developed 
from the vector diagrams more easily, the authors be- 
lieve, than by more conventional mathematical meth- 
ods. One of the major advantages of the graphical 
method is that it is equally easy to apply regardless 
of how simple or complex may be the motion specified 
for the follower. 

The cams analyzed in this article will be presented 
in two ways: 


1. To determine the motions for a prescribed cam. 
2. To determine the radius of curvature for a pre- 
scribed motion. 


Although the two types of problems seem quite dif- 
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ferent at first glance, the techniques of handling the 
problems are very similar, with a simplification of the 
background necessary for both situations. The prob- 
lems selected are given to emphasize the principle of 
approach rather than the numerical solutions or equa- 
tions. 


Reciprocating In-Line 


Flat-Faced Follower 














Follower Motion: Fig. 1a shows a cam of known con- 
tour working with a flat-faced follower. The cam is 
assumed to be rotating at a constant angular speed of 
1200 rpm counterclockwise and, at the instant being 
considered, point P, of the cam is in contact with 
point P, of the follower. The radius of curvature R 
of the cam at the point of contact is known. The 





Follower velocity~1 | t Follower acceleration 
*lOft per sec *2000 ft per sec® 

















problem is to determine the motion of the follower. 

A kinematically equivalent system is shown in Fig. 
1b where the follower is pictured as being extended, 
while at the center of curvature of the point of con- 
tact of the cam and follower a slider is pictured as 
being introduced to work in the follower. The equiv- 
alence may be seen from Fig. la, where point C re- 
mains at a constant distance from the flat face of the 
follower. The equivalence will hold so long as the 
radius of curvature of the cam remains constant. If 
the radius of curvature should change after motion 
of the cam, a new equivalent system must be used. 
For the position shown, then, Figs. la and 1b are such 
as to give identical velocity and acceleration to the 
follower for a given motion of the cam. 

A velocity analysis is made of the equivalent sys- 
tem relating the motion of two coincident points: 
point C., the center of curvature of the cam at the 
point of contact, and point C,;, the coincident point of 
the follower. Distance O.C is measured as 1.5 inches. 
By vectorial addition 


Vas 


= Vez » Veres (2) 


where Veo = (OoC)w. = 1.5(1200) (2x) /12(60) = 
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15.7 ft per sec; Vez = velocity of the follower, known 
in direction but unknown in magnitude; and Vgoc3 = 
relative velocity of the two coincident points C, and 
C;, known in direction (parallel to the slot in Fig. 1b) 
but unknown in magnitude. Fig. 2a shows the veloc- 
ity polygon. 

The acceleration analysis may be made with the 
kinematically equivalent system. Inasmuch as point 
C, can be considered as a point moving on another 
moving body, Coriolis’ component is indicated. The 
equation to be used is: 


Ace = Acs ® nAcecs » tAcecs » corAc2cs (3) 


- 


where Apo = (O.C)w.? = 1.5[1200(27) ]?/12(60)2 = 
1970 ft per sec? directed from C to O.; Acs; = acceler- 
ation of the follower, known in direction but unknown 
in magnitude; ,Agoc3 = 0; ;Acgecs is known in direction 
(parallel to the slot of Fig. 1b) but is unknown in 
magnitude; and, where .,,Agoc3 = 2(Veoc3)w3 = 9, 
since the angular speed of link 3 is zero. Note that 
point C, is considered as the point moving on link 3. 

The acceleration polygon in Fig. 2b is used to deter- 
mine the acceleration of link 3 and the relative accel- 
eration of point C, with respect to point C;. For the 
dimensions selected, the velocity of the follower scales 
off to 8 ft per sec, and the acceleration of the follower 
scales off to 1700 ft per sec?. 


Radius of Curvature: If a cam has been designed 
for a known motion, where the lift, velocity, and ac- 
celeration have been specified and the radius of curva- 
ture of the cam is desired, perhaps for the contact 
stress determination, a velocity and acceleration an- 
alysis may be used as an approach to the problem. 


CAM CURVATURE 


The follower in Fig. 3a is known to be in a position 
where the velocity is 10 ft per sec upward and the 
follower is accelerating downward at the rate of 2000 
ft per sec?. The problem is to determine the location 
of the center of curvature and the magnitude of the 
radius of curvature to satisfy the prescribed motion 
at the instant shown for a cam speed of 1800 rpm 
counterclockwise. 

The location of the center of curvature may be ob- 
tained graphically by, basically, the determination of 
two loci. One locus is obtained from a velocity analy- 
sis, and the second locus from an acceleration analy- 
sis. Or, if the magnitude of the radius of curvature is 
desired, the magnitude may be obtained from the ac- 
celeration analysis. The method of attack as used in 
the previous problem cannot be used directly inas- 
much as the center of curvature is not known. How- 
ever, the same principles of a kinematically equivalent 
system will be used to obtain some of the information 
necessary to solve the equations. 

STEP 1: The normal to the relative velocity of the 
cam and follower at the point of contact is a line on 
which the center of curvature will lie; or, expressed 
differently, the common normal to the two bodies at 
the point of contact, on which the center of curvature 
must lie, will also include the instant center. 

The instant center may be found from V = Zw». 
Then, 10 = 2(1800) (27) /60 or x = 0.0531 ft = 0.637 
inch where x is the distance from the center of the 
cam to the instant center, measured along a line paral- 
lel to the flat surface of the follower, the line passing 


Fig. 4—Case with acceleration and velocity of the follower in the same 
direction, a, and acceleration solution 6. At c, different combinations of 
velocity and acceleration with corresponding locations of center of curvature 
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through the center of the cam. The instant center is 
given by point A in Fig. 3b. Point A is located to the 
right of point O, because the cam is rotating counter- 
clockwise and the velocity of the follower is upward. 
Refer to Fig. 4c for location of the instant center for 
a downward velocity of the follower. 

Step 2: A second locus for the graphical determina- 
tion of the center of curvature is obtained from an 
acceleration analysis. Or, the magnitude of the radius 
of curvature may be determined from an acceleration 
analysis. 

Since the exact location of the center of curvature 
is unknown, a kinematically equivalent system cannot 
be used directly. However, it is necessary to picture 
what the kinematically equivalent system would be 
like in order to set up a general expression to obtain 
an acceleration solution. Write an equation relating 
the acceleration of two points on a rigid link: the rela- 
tion of the acceleration of the center of curvature, 
point C, on link 2, whose location is not yet known on 
the normal to the cam and follower passing through 
the instant center, and point P., the point of the cam 
in contact with the follower: 

Aco = Ap2 » Acop2 


2 . (4) 


where Apo = ,Apo = (O.P2)2?, a vector directed 
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Fig. 6—An arbitrary acceleration curve, a, correspond- 
ing velocity curve, 6, and displacement curve, ¢ 


from P, to O., which can be determined numerically as 
Apo = 2.10[1800(27) ]?/12(60)? = 6210 ft per sec?; 
and Agops = ,Agopo = (C2P2)we*, a vector known in 
direction but unknown in magnitude. The direction is 
the same as the common normal determined in step 1. 

Thus, in the equation there are three unknowns: 
magnitude and direction of acceleration of point C. 
and magnitude of the relative acceleration of point C. 
with respect to point P,. Since only two unknowns 
may be determined from a vector equation, additional 
information must be obtained elsewhere. Fig. 3c 
shows the graphical work possible with Equation 4. 

Step 3: Additional information required for a solu- 
tion may be obtained from a kinematically equivalent 
system, expressed by 


Aco = Acs ®» nAcecs » tAcee3s ® corAczes (5) 


Even though the center of curvature is not yet lo- 
cated, the equation still applies if the center of curva- 
ture is used and the kinematically equivalent system 
is pictured, as discussed in the preceding section. 

In Equation 5, there are three unknowns: direction 
and magnitude of acceleration of point C., and magni- 
tude of relative acceleration. The acceleration of the 
point on the follower, point C3, is the same as the ac- 
celeration of the follower, which has been specified 
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Fig. 7—Difference R,,—R versus time 
for cam speed of 1800 rpm, a, and 
corresponding curve for 900 rpm, 5 


initially. The Coriolis component is zero. Fig. 3d 
shows the graphical representation of Equation 5. 

STEP 4: Equations 4 and 5 may be solved simultane- 
ously to give the acceleration of the center of curva- 
ture. Fig. 3e shows Figs. 3c and 3d combined. Fig. 3f 
shows the final acceleration polygon, with the magni- 
tude and direction of acceleration of C.. 

STEP 5: Fig. 3g shows the transfer of the direction 
of acceleration of point C, back on the figure to give 
the necessary second locus for the location of the cen- 
ter of curvature. The radius of curvature may be 
scaled off. 

The radius of curvature may be calculated, if de- 
sired, by use of: ,Agopo = (CoP2)wo?. Then 3930 = 
(CoP) (1800(27)/(60)? or CoP, = 0.110 ft = 1.32 
inches. 

OTHER POSSIBILITIES: Fig. 4a shows the solution for 
the case where the velocity and acceleration of the 
follower are in the same direction, with the position 
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CAM CURVATURE 


of the follower being known. With the cam speed 
being given, the distance x can be computed as before. 
Its value is the same as before for the same cam 
speed, and for the same velocity of the follower. The 
acceleration solution is shown in Fig. 4b. 

Various possible locations are shown in Fig. 4c for 
the center of curvature for different combinations of 
direction of velocity and acceleration of the follower 
for a counterclockwise direction of rotation of the 
cam. These points are determined automatically by 
the proper velocity and acceleration analysis. 


Exact Radius of Curvature: If greater accuracy of 
cam radius of curvature is desired than is obtained by 
a graphical solution, which is sufficiently accurate for 
most purposes, one may use the graphical solution to 
obtain analytical relations to give as much accuracy 
as desired. 

In Fig. 5a the follower is shown moving with a ve- 
locity V (positive upward) and with an acceleration A 
(positive upward). The follower is in a position at a 
distance of the radius of the base circle plus the lift 
from the center of rotation of the cam: H = R,, + L. 

From Fig. 5a tan 6 = y/x. From Fig. 5b, the ac- 
celeration polygon, 


A 





CREE OG BE eee ne een eran 
V (Rp, + L)2 + x? (wo? sin ¢) 


From the properties of Fig. 5a, 








A 
tan @ OE Ce 
File oe x 
V (R,. + L)? + 2? Caw?) ————— 
V (Ro- + L)? a x 
A 
Lwo" 
Therefore 
y _ 
b L wo? 
Since R,. + L= R-- y 
R= Ry + L + — (6) 


Note that the expression is given for the accelera- 
tion of the follower upward. If the acceleration is 
downward, a negative acceleration should be used. 

MINIMUM RADIUS OF CURVATURE: One may deter- 
mine the minimum possible radius of base circle by 
analysis of the derived equation. Transposing terms 
gives 
A 
wo? 


R —- Rye = L + —— (7) 


To illustrate the procedure of attack, an illustrative 
problem is selected. Fig. 6a shows an arbitrary ac- 
celeration curve, so selected as to avoid as much as 
possible any sudden application of forces to the cam. 
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Fig. 8—Negative curvature obtained 
with too small a base circle, a, and 
cam with negative base-circle radius, b 


The designer is at liberty to select any type of accel- 
eration curve—the analysis to be presented is general. 

Integration of the acceleration curve gives the ve- 
locity curve, Fig. 6b. Integration of the velocity curve 
gives the displacement or lift curve, Fig. 6c. 

Only a portion of the follower motion, the rise of the 
follower, will be considered, inasmuch as the same pro- 
cedure ta be given may be applied for the rest of the 
motion of the follower. 

In Fig. 7a is shown the plot of the difference, 
R—R,,, between the radius of the base circle and the 
radius of curvature of the cam at the point of contact 
for a cam speed of 1800 rpm. The difference is deter- 








f= 


mined by calculation of L + A/w*. Fig. 7b shows 
the plot of the difference between the radius of the 
base circle and the radius of curvature of the cam at 
the point of contact for an assumed cam speed of 
900 rpm. 

The lower limiting value of radius of curvature of 
the cam with a flat faced follower is zero, with a con- 
sequent sharp point on the cam profile. The radius 
of curvature cannot be negative or else a reverse 
curvature will occur in the cam, as illustrated in Fig. 
8a. Such a condition will not permit the follower to 
have the initially prescribed motion. If the lower limit 
of radius of curvature of the cam is zero, then the 
smallest radius of the base circle that can be used is 
determined by the minimum value of R—R#,, for a plot 
as shown in Fig. 7a or b. As an illustration, consider 
Fig. 7b, where the minimum value for R—R,, = 
— 0.1650 ft. If the limiting value for RF is zero, then 
the minimum value for R,, is 0.1650 ft. Now assume 
that a minimum radius of curvature desired on the 
cam is to be 0.5 inch (0.0417 ft). From R—R,, = 

-0.1650, with R = 0.0417, R,, = 0.2067 ft necessary 
to give the required motion. At any other point of 
the cam, the radius of curvature will be greater than 
0.0417 ft. 

Thus, the minimum radius of base circle will be de- 
termined by the minimum point of the plot of R—R,,. 
If the plot of R—R,, should be such that all values are 
positive, the minimum base circle radius may be nega- 
tive, for which the cam profile would be outside the 
base circle, and the cam would rotate about a center 
not in the cam. Such a cam is shown in Fig. 8b. 


Fig. 9—Conventional graphical layout show- 
ing difficulty with too small a base circle 
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Let us examine Fig. 7a for a cam speed of 1800 rpm 
for the minimum permissible base circle radius. The 
difference of the radius of the base circle and the 
radius of curvature is, at t = 0, zero, and positive for 
the rest of the motion. Using the minimum value for 
R—R,, = 0, and setting the minimum value for R as 
zero, a zero radius of base circle can be used. If an 
arbitrary value of minimum radius of curvature is se- 
lected, say 1% inch, then the minimum radius of the 
base circle should be 1% inch also, as determined by 
the conditions at ¢ = 0. Note that if the radius of 
curvature at ¢ = 0 is % inch, the radius of curvature 
at any other point will be greater than 14 inch, and 
positive, for the radius of base circle of 1% inch, as 
seen from Fig. Ta, where all values at times other 
than ¢ = 0 are positive. 

A different situation arises in Fig. 7b, where the dif- 
ference of radius of the base circle and the radius of 
curvature is positive for a range and negative for a 
range, for a cam speed of 900 rpm for the same pre- 
scribed motion as used in Fig. 7a. The critical point 
occurs at ¢ = 1/80 second, the minimum value of the 
curve. The minimum radius of the base circle, assum- 
ing an arbitrary minimum radius of curvature permis- 
sible anywhere on the cam equal to 1% inch (0.0417 
feet), is calculated from R—R,, = —0.1650. Then, 
0.0417—R,, = —0.1650 or, minimum R,, = 0.2067 ft 

- 2.480 inches. 

UNDERSIZE BASE CIRCLE: As an illustration of a cam 
which has too small a base circle, Fig. 9 is drawn for 
the acceleration requirements given in Fig. 6a for a 
cam speed of 900 rpm with the base circle taken arbi- 
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trarily as 1 inch. The minimum base circle radius 
found in the preceding section for a minimum cam ra- 
dius of curvature of 12 inch was 2.480 inches. The 
cam tangents were determined for t = 0, t = 1/400 
sec, f = 3/400 sec, ¢ = 1/80 sec, and t = 3/200 sec 
for the lifts given in Fig. 6c. Note that if a smooth 
curve is drawn tangent to the tangent lines, it is im- 
possible to have the cam continuous. The region of 
difficulty occurs in the vicinity of t = 1/80 sec, which 
is the lowest point of Fig. 7b. 

NONUNIFORM CAM SPEED: The analysis presented is 
a general one, even though the case analyzed has been 
for a constant angular speed of the cam. The analy- 
sis may be extended, with no increase in difficulty in 
the solution, to the case where the cam is rotating 
with an angular acceleration. The acceleration poly- 
gon, as well as the equation for radius of curvature, 
must be modified to take into account the effect of the 
angular acceleration of the cam. Fig. 10 has been 
drawn to show the acceleration polygon for a counter- 
clockwise angular acceleration of the cam. The change 
from Fig. 4b has been the introduction of the tan- 
gential component of acceleration: (P:0.2)a.. It is to 
be noted that an angular acceleration of the cam will 
affect the radius of curvature. In this case, the ra- 
dius of curvature is decreased from the case where 
the cam is rotating at a constant angular speed. It is 
to be noted, also, that if the angular acceleration of 
the cam were taken clockwise, the necessary radius of 
curvature would have to be increased, compared to the 
case where the cam is rotating at a constant angular 
speed. 

The equation for radius of curvature, derived from 
Figs. 10 and 4a and presented without any discussion, 
is 

VA 


R-R. + L + : (8) 
Vwo? + (Rp, + L) we ag 





where R = radius of curvature, ft; L = lift, ft; V = 
velocity of the follower, ft per sec, considered positive 
if the follower is moving upward; A = acceleration of 
follower, ft per sec”, considered positive if the follower 
is accelerating upward; w. = angular speed of the 
cam, rad per sec, considered positive if the cam is 
rotating counterclockwise; and a. = angular acceler- 
ation of the cam, rad per sec”, considered positive if 
the cam is accelerating counterclockwise. 

The next part of this series will deal with recipro- 
cating inclined flat-faced and reciprocating roller fol- 
lowers. 
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“Research is a process of finding out what you are 
going to do when you can’t keep on doing what you 
are doing now.”—C. F. KETTERING. 

























Deep-Hole Drilling 


As a process, deep-hole drilling may offer 
the designer new opportunities for low-cost 
drilling of otherwise expensive holes 


By George A. Wilson, Jr. 


Development Engineer 
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High Standard Mfg. Corp. 
Hamden, Conn. 


ROBABLY the most traditional and best known 

use of deep-hole drills is for the drilling of gun 

barrels, Fig. 1. Today modern drills made either 
from high-speed steel or from tool steel with cemented 
carbide inserts are doing more than just barrel drill- 
ing. They are in daily use by automotive, aircraft, 
farm equipment, machine tool, arms and other manu- 
facturers. 


Drills: In general deep-hole drills are highly ef- 
ficient and versatile tools applicable in many ways 


to modern manufacture. They are semicustom built, 
and are produced to exacting tolerances and to 
customers’ specifications. The drill tips are ground 
to a standard specification upon leaving the factory, 
but different types of materials or applications may 
require an alternate pitch, rake, etc. Fig. 2 shows 
a standard drill. 

Deep-hole drills are being successfully used in two 
methods of operation, by rotating the work, and by 
holding the work stationary and rotating the drill. The 
most advisable and satisfactory, particulary in drill- 


1 — Deep-hole © 
rifle of 4137 
steel 
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ing to depths greater than 6 inches, is to rotate the 
work. With the drill in a stationary position, the 
coolant has a better opportunity to carry the chips 
back along the V-shank section. 


Drilling Range: Best application of deep-hole drills 
is between the diameters of 0.156-inch through 1.750- 
inch. Anything less than 0.156-inch diameter does 
not allow enough strength in the shank. The coolant 
hole must be of sufficient size to allow adequate cool- 
ant, and the V section of sufficient depth to allow 
chip removal, thereby limiting the allowable cross- 
section in the tubing for strength. Sizes greater than 
1.750-inch diameter are better handled with multi- 









































Fig. 2—Standard 14-inch car- 
bide-tipped deep-hole drill 


point cutters, or trepanning type drilling tools. 

Depth of hole possible to drill with deep-hole drills 
is limited only by the capacity of the equipment avail- 
able. In the drilling of shanks for deep-hole drills 
over 1-inch diameter, solid bars up to 60-inches length 
are drilled through their full length by drilling from 
each end and meeting in the center of the bar. 


Hole Finish: Surface finish resultant from this 
method of drilling will vary with the feed and speed 
being used, the material being drilled, and the amount 
of pressure available on the coolant. Mild stock can 
be drilled at 1800 rpm with a 7 inch per minute feed, 
750 psi coolant pressure with a resultant finish of 
64 rms or better. Coolant pressure is a large factor 
in this, since clearing of chips from the cutting edge 
and guiding strips is necessary to prevent galling or 
cold welding. 


Fig. 3—Shotgun receiver in blank and bored form. Weighing 8 pounds, the receiv- 
er is made from C-1119 ARR steel, 7 1/16 long by 7 1/16 wide by 2 9/16 inches high 
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Materials: Any material that can be successfully 
handled with conventional methods of drilling, can 
usually be deep drilled. In many instances, parts can 
be drilled more economically and with better results 
when proper set-up and application is made of deep- 
hole drills. 


Tolerances: Diameter tolerance and runout, as in 
conventional drilling, will vary with the requirements 
of the job being done. Hard spots encountered in the 
path of the drill will tend to make it walk. However, in 
properly treated materials, a tolerance of plus 0.002- 
inch can be realized, regardless of depth, and a runout 
of 0.001-inch per 3 inches of depth. It must be re- 
membered, however, that this will vary with material, 
feed, speed, and oil pressure. Where runout is not a 
prime factor, greater production can be realized. As 
in drilling of gun barrels, where a straight hole is 
essential the barrel is straightened after drilling to 
the bore. In applications where the drilled hole is 
strictly for oil passage or weight reduction, this 
would not be necessary of course. 


Fixture Drilling: Deep-hole drills are also being 
used advantageously for boring holes through many 












parts other than gun barrels in the manufacture of 
shotguns, rifles and pistols. These holes are econo- 
mically drilled with the use of fixtures mounted on 
horizontal two-spindle conventional type deep-hole 
drilling machines. They can also be used on automatic 
indexing machines, lathes and other similar equipment 
where oil pressures can be maintained. 

Although, normally, the work is revolved rather 
than the drill, in certain instances where the work- 
piece is especially heavy or large it may be advisable 
to reverse the procedure and revolve the drill while 
holding the work in a stable fixture. Such a process 
allows the use of a much lighter holding fixture, as 
centrifugal force is no longer a factor. To utilize this 
method a device has been developed which allows oil 
to be forced through the drill while it is revolving. 
Oil is fed into a sealed housing in which the drill bush- 
ing or adapter revolves. The end of the adapter is 
open and allows passage of the oil through the shank 
to the tip. 

An example of this type of fixture drilling is the 
receiver of a shotgun weighing approximately eight 
pounds, Fig. 3. The fixture for holding this piece, 
Fig. 4, is quite simple compared to a massive fixture 
required to safely hold the piece which normally would 


Fig. 4—Left—Deep-hole 
drilling arrangement for 
the receiver of Fig. 3 
with the drill rotating in 
lieu of the fixture 


Fig. 5—Below—Grou 
of typical parts, wi 

holes, suitable for gang 
drilling in fixtures 
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Fig. 6—Stationary fix- 

ture for gang drilling a 

large group of similar 
parts 


revolve at 1900 rpm. Two holes are drilled into the 
end of the piece; one, through the block, the other, 
614 inches into the block as a blind hole. 

The deep-hole drill in this case is of the carbide in- 
sert type, 0.890-inch diameter, with two guide wear 
strips and a cutting strip. The drill is fed into the piece 
at 1% inches per minute with oil at 650 pounds pres- 
sure and the drill revolving at 1900 rpm. The run-out 
in an operation of this kind is less than 0.006-inch. 

Advantages of drilling in this manner are: (1) 
holes can be drilled faster than with other methods 
as the drill does not have to be withdrawn to clear 
chips, (2) the cutting edge is kept cool with a con- 
stant flow of oil, and (3) chips are washed back out 
through the V in the drill and shank under pressure 
to assure a hole free from rings and score marks. 

Another variation of deep-hole drilling is called 
gang drilling in fixtures. This is a method of stack- 
ing several small pieces and drilling through the 
group as a unit. Gang drilling is made practical by 
the inherent accuracy and tendency of a deep hole 
drill to run true. A dozen or more pieces of the type 
shown in Fig. 5 which call for through holes, may be 
loaded into a-fixture and drilled in one operation. This 
reduces handling time considerably and adds to the 
efficiency of the operation. The pieces to be drilled, 
shown in Fig. 5, have been cut from raw stock, ma- 
chine rolled to remove burrs, and set as a gang into 
the fixture, Fig. 6. The stock in each case is C-1119 
ARR and is drilled through by a 0.892-inch carbide 
tipped drill fed at 1% inches per minute with an oil 
pressure of 650 pounds. The drill in both cases re- 
volves at 1900 rpm. 

In the two cases described in the preceding para- 
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graphs the drill used is of the carbide tipped type 
where greater speed and longer life of the drill it- 
self is demanded. The wear strips are longer than 
the cutting strip so that the entire length of the cut- 
ting strip can be used with complete drilling accuracy 
while at the same time maintaining quality in the 
operation. In drilling most mild steels, however, high- 
speed steel tips can be used to good advantage. 


Economy Considerations: Oil pressures are an im- 
portant factor in deep-hole fixture drilling but most 
horizontal and vertical machines are capable of supply- 
ing the correct quantity of oil under the proper pres- 
sure. High Standard uses a central oil system for a 
battery of machines and pressures are regulated for 
each individual job. A central system is not necessary, 
however, as single pumping units fixed to machines 
can produce the desired results, but the use of a 
central system often results in a more economical 
operation. 

Deep-hole drills can be used with greater economy 
in practically any application, whether it be a through 
or blind hole. The only applications not suitable are 
where intermittent cuts are encountered, or on cored 
holes. Either of these would require special and 
probably prohibitive costly set-up. 

Deep-hole drills are economical as the shanks and 
bushings may be returned to the factory for retipping. 
If a tip is worn it need not mean complete loss of the 
drill. In many other ways cost reductions can be made 
through the use of deep-hole drills if they are tied in 
with modern manufacturing methods. Engineers 
should be aware of the inherent possibilities of this 
little-known method. 
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Testing 
Centrifuge 


By H. A. Price 
Chief Engineer and Director of Sales 


Rucker Co. 
Oakland, Calif. 


PERATIONAL tests of components subjected 
O to high acceleration loading when in use, such 

as guided missile components, can be done 
quickly and easily using the large centrifuge described 
in this article. Equipment to be tested may have a 
maximum length of 6 feet and maximum weight of 
600 pounds. Maximum acceleration of the unit is 65g 
at a rotational speed of 160 rpm. 

Since the centrifuge is located in a pit, Fig. 1, all 
portions of which are not visible from the control 
room, precautions must be taken to prevent injury to 
persons working in the pit due to accidental starting 
of the centrifuge. The control system, therefore, in- 
corporates a number of safeguards. 

The main pump unit which supplies the hydraulic 
drive motor, can be started only if the controls are 
in neutral—in other words, if there is no possibility 
of starting the rotor. Presuming that the rotor con- 
trols are set at neutral, the main power unit can be 
energized and a small pressure built up in the system; 
then when the operator desires to energize either of 
the rotors, he presses the “start” button. At this time, 
the pits are warned by a Klaxon which blows for ap- 
proximately 15 seconds—this period being adjustable. 

During this time, if a technician is within a danger 
area, he can kill the main power unit by merely hitting 
a knockout button which breaks the electrical circuit 
and requires the operator at the control console to 
reset the whole machine before it can be startd again. 
This procedure can be handled time after time if the 
operator is not aware that he is being forced to reset 
his panel by someone in the danger area. However, 15 
seconds is considered ample time to allow anyone to 
leave the danger area and let the test proceed or noti- 
fy the control unit, through the two-way communica- 
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Fig. 1—Rotor pit, below ground, is ballasted with 
250 tons of concrete. Controls are on upper level 


tion system that has been set up. 

After the Klaxon has stopped, a ready light on the 
control console lights and the operator then has com- 
plete control of acceleration and speed. A timing de- 
vice permits setting of a predetermined length of run, 
so a test can be run for a given length of time and 
automatically stopped. In stopping, either manually 
or automatically, the fluid motor that drives the rotor 
functions as a pump and, by restriction of the output, 
effectively brakes the rotor within at least 60 seconds. 

If this system should fail for any reason, a mechan- 
ical brake which is electrically energized immediately 
stops the rotor. This brake is designed to bring the 
centrifuge under control from top speed at top load- 
ing within 30 seconds. The mechanical unit is only 
used in case of emergency. 

One of the interesting design features is the number 
of leads required to obtain all data from the test speci- 
men, namely: 


1. Forty signal leads with shielding to eliminate elec- 
trical interference, noise or cross talk. 

2. Three heavy-duty, 50-ampere service slip rings for 
conducting power into the instrument platform on 
the end of the rotor. 

3. Three hydraulic leads, capable of taking hydraulic 
oil at a pressure of approximately 1500 psi to the 
instrument platform, and a motor-pump system 
mounted directly on the rotor to return the oil to 
the center of the rotor against the effects of cen- 
trifugal force. 

4. A 1000-psi air joint to conduct an accurately meas- 
ured volume of high-pressure air to different pieces 
of equipment which are air driven. 

5. A microwave waveguide as well as coaxial joints 
for leading signals into certain parts of the elec- 
tronic system. 
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Fig. 1—Giddings and Lewis 
Hypro skin-milling machine 
equipped with multiple-disk 
clutches for machining 
whole wing or fuselage 
sections of jet fighters 





OR a number of years, oil-applied clutches have 
been designed and manufactured for special ap- 
plications but standardized clutches of this type 
have become available only recently. They are finding 
increasing application because of several advantages 
that result with the use of hydraulic pressure as 
the direct clamping medium. But at the same time 
hydraulic actuation introduces certain features that 
may be disadvantageous in relation to mechanical 
actuation. As a preliminary guide in the selection 
and application of hydraulically applied clutches, this 
article presents a summary of their characteristics. 
This discussion is based upon multiple-disk clutches 
of the type in common use in machine tools, Fig. 1, 
and in automatic industrial transmissions. However, 
in principle the points to be mentioned hold in gen- 
eral for any clutch form. Comparison of mechanical 
and hydraulic actuation means is provided by the 
cutaway views, Figs. 2 and 3. Basically the clutches 
are quite similar, but the oil-applied type incorporates 
an integral oil cylinder to clamp the plate stack. 


Advantages: The most obvious advantage with 
the oil-actuated clutch is that no adjustment is re- 
quired to compensate for the friction plate wear, since 
the floating or pressure plate is the ram of the cyl- 
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| Mydraulically Actuated Clutches 


By E. B. Falk 


Administrative Assistant 
Twin Disc Clutch Co. 
Racine, Wisc. 





inder. As the plate stack wears, the ram travel in- 
creases automatically. 

This design feature provides a correlative advan- 
tage. Torque capacity of the clutch for any given 
oil pressure is always a constant. Constant pressure 
is not held in a mechanically actuated over-center 
type clutch which requires adjustment. Each clutch 
engagement, creating plate wear, causes the torque 
value to decrease. Normally, this decrease is a small 
value per engagement, but in the case of high en- 
ergy pickups, the decrease can be relatively great. 
In any event, if the clutch is not adjusted periodically, 
the torque capacity will eventually drop to the load 
value. On the next engagement the clutch will fail 
to pick up the load, with the result that the clutch 
will continue to slip. If slippage is not detected, the 
clutch will soon burn up. More clutch failures can 
be attributed to lack of adjustment than any other 
cause. 

A second correlative advantage is that with con- 
stant torque capacity assured, a smaller clutch may 
often be used. That is, because a mechanically actu- 
ated clutch does not have a constant torque ca- 
pacity, selection of a clutch larger than required for 
the actual starting load is often necessary, even after 
this load has been corrected by an applicable service 
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factor. The clutch engineer ur machine designer does 
this by applying factors, gained from experience, to 
each installation—judging the rate of plate wear like- 
ly to be experienced, the type or “mechanical apti- 
tude” of the machine operator, and the accessibility 
and location of the clutch relative to the operator. 

Torque capacity of any clutch is the product of 
clamping force, the mean radius of the plate stack, 
the number of rubbing surfaces, and the friction co- 
efficient. Consequently the torque capacity of the 
oil-applied clutch is directly proportional to the ap- 
plied oil pressure since this pressure creates the 
clamping force. Therefore torque capacity is a 
variable quantity readily controllable by the oper- 
ator if a suitable hydraulic system is employed. This 
characteristic is not generally required, but there 
are certain installations where controlled torque is 
advantageous. 

Substitution of the oil-applied clutch for the con- 
ventional mechanically actuated clutch may show 
cost savings under certain conditions. Economy can 





Fig. 2—Above—Duplex multiple disk clutch of mechan- 
ically actuated type 


Fig. 3—Below—Duplex multiple disk clutch of hydrau- 
lically actuated type 
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Table 1—Comparative Clutch Data 





Clutch Disk Diameter (in.) 
3 + 





Mechanically Actuated Multiple-Disk (Duplex—to run in oil) 


Working Torque (ib-in.) 480 1600 2925 5800 8800 
Power per 100 rpm (hp) 0.76 2.5 4.6 9.2 14.0 
Maximum Power (hp) 9 20 36 57 78 
Maximum Speed (rpm) 6000 4600 3700 3200 2800 
Hydraulically Actuated Multiple-Disk (Single—to run in oil) 
Working Torque (lb-in.)* 480 1540 2830 5700 S450 
Power per 100 rpm (hp) 0.76 2.4 4.5 9.0 13.4 
Maximum Power (hp) 9 20 36 57 78 
Maximum Speed (rpm) 2500 2500 2000 2000 2000 





* Based on minimum oil pressure of 150 psi. 


be gained if the present clutch is remotely actu- 
ated by air or hydraulic cylinder, or electrical means 
such as a solenoid. If a suitable source of oil pres- 
sure is available, the oil-actuated clutch will require 
a selector valve and shaft-around-seal or an end-joint 
seal, depending upon the nature of the installation. 
The cost of these items must be balanced usually 
against a throwout fork, operating shaft, and hand 
lever. 

Another source of cost saving is reduced machine 
downtime since no clutch adjustment is needed. Also, 
the wear life of the oil-actuated clutch is greater in 
most applications because less clutch slippage oc- 
curs since full design torque is always available. 


Disadvantages: The mechanically actuated clutch 
will hardly be made obsolete by its companion, the 
oil-actuated clutch. The latter has one great primary 
limitation: a source of suitable hydraulic pressure 
must be available. The bulk of clutch applications 
today are on machines which are not as yet pro- 
vided with a hydraulic system or on one which does 
not provide adequate pressure for clutch actuation. 

A second limitation which is not generally realized 
is that very little “clutch feel” can be obtained by oil 
actuation. Clutch feel is an ambiguous term but is 
meant to indicate the sense of touch the operator 
experiences as he engages a clutch. He soon learns 
to correlate this touch to rate of engagement. The 
oil-applied clutch lends itself best to those applica- 
tions where a positive rapid engagement is required. 
Where a need exists for controlling the rate at which 
the clamp force is applied during the engagement 
cycle itself, the mechanically actuated clutch, manu- 
ally operated, provides optimum performance. 

A certain amount of feel can be obtained with 
oil-applied clutches in installations where the nature 
and production volume of the application warrant 
special valve design. This feature is generally lim- 
ited to industrial “power-shift” transmissions where 
the use justifies a fairly complex special valve which 
may easily cost more than the clutch. 

However, there are relatively few applications 
where clutch feel is necessary. In most instances 
the driven shaft simply needs to be brought up to 
speed, and the rate of engagement is not important. 
Too often a designer attempts to gain cushioned ac- 
celeration through clutch slippage at the expense of 
plate life when soft acceleration could be better 
gained with no wear by a hydraulic coupling used in 
conjunction with the clutch. 
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Evaluating Macnine DEsiCH 


MOMENTS OF INERTIA 


by Graphical Techniques 






By Joseph Modrovsky 


Professor of Mechanical Engineering 
Polytechnic Institute of Brooklyn 
Brooklyn, N. Y. 


N DESIGN, strength or vibration analysis of un- profiles, this data sheet presents the following simple 
symmetrical structural cross-sections is frequently analysis techniques: 
encountered. One difficulty with such profiles is 1. An experimental method for determining the cen- 
that simple formulas are not available for the compu- ter of gravity. 


* tation of their inertia. A typical example might be 
the turbine blade shown in Fig. 1. Its profile, al- 
though determined by nonstructural considerations, 
demands a rigorous structural analysis. For such an 
analysis, the major and minor principal moments of 
inertia must be evaluated. 

Aimed at avoiding complicated mathematical treat- 
' ments in the structural analysis of nonsymmetrical Center of Gravity: The center of gravity can be as- 


2. A graphical method for determining moments of 
inertia about arbitrary axes drawn through the 
center of gravity. 


3. A graphical method for determining the major and 
minor moments of inertia from three arbitrary 
moments of inertia. 
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Fig. 1—Layout method of evaluating 
moment of inertia of turbine blade 
profile about any reference axis 
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certained experimentally from a cardboard cutout of 
the subject profile. The profile should be scaled-up in 
size enough to make the major dimension of the cross- 
section about 10 inches long. This model of the pro- 
file is then suspended from a pin driven through an 
extremity of the cross-section. A plumb line drawn 
through the pin runs through the unknown center of 
gravity. Repeating this procedure with a pin located 
at some distance around the periphery from the first 
point will establish a second plumb line. The inter- 
section of these lines marks the center of gravity. To 
check this point, three or four plumb lines should be 
drawn. 


Moment of Inertia: In the subsequent discussion, a 
basic mathematical integral is given for determining 
the moment of inertia about a reference axis of a non- 
symmetrical profile. A graphical method for evaluat- 
ing this expression is outlined and a proof of the 
validity of the method is presented. 

MOMENT OF INERTIA INTEGRAL: The mathematical 
definition of the moment of inertia about any refer- 
ence axis, XX, is 





Graphically this integral can be depicted as the 
area of the curve of by* plotted against y where b is 
the length of each line parallel to the reference axis 
as shown in Fig. 1 and y is the perpendicular distance 
measured from the reference axis to any stratum line 
b. To make a plot of such a curve requires tedious 
repetitive computations which can be eliminated by 
employing a graph of the cubic curve (BC)/(OB)*I* 
versus / as shown in Fig. 2. 

CuBIC GRAPH CONSTRUCTION: For the cubic graph, 
the length OB of the abscissa should be made slightly 
longer than the longest distance, measured from the 
reference axis to the profile extremities, that is likely 
to be encountered in any computations. The maxi- 
mum ordinate BC of the cubic curve may be freely 
chosen. 

For flexibility in working with different profiles, 
curves such as shown in Fig. 2 should be made in a 
variety of suitable sizes and a quantity of prints of 
each kept on hand. Sets of three sizes based on OB 
equal to 2, 5, and 10 inches are suitable for most ap- 
plications. However analysis problems encountered 
will readily determine practical sizes to stock. 

GRAPHICAL METHOD: The technique can be easily 
demonstrated by an analysis of the turbine blade pro- 
file shown scaled-up S times in Fig. 1. The center of 
gravity can be determined by the experimental method 
already presented. The moment of inertia of the pro- 
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a method which utilizes the cubic graph. In this ap 
proach the area moments of inertia for the areas of 
the profile on each side of the XX-axis are determined 
individually. The total moment of inertia J, is the 
sum of the two values or 


Ie = Ig! + Ig" ... 


(2) 


where /,’ is the moment of inertia for the upper por- 
tion of the profile and J,” is the moment of inertia for 


the lower portion. 


The moment of inertia of the pro- 


file rotated about any other axis through the center of 
gravity can be similarly established. 









2 


$ 3 
Z, = 0.0385 in: 


Z,*0.0071 in 


' Fig. 3—Turbine blade profile show- 


2,7 0.0166 in# 





MOMENTS OF INERTIA 


The moment of inertia for an area of the profile on 
one side of an axis is determined by the following 
steps. This procedure assumes that the reference axis 
has been drawn through the center of gravity of the 
profile. 


1. Lay off a line parallel to the reference axis and 
tangent at the extremity of that half of the pro- 
file under analysis. 

2. Place a suitable size print of the cubic graph 
shown in Fig. 1 adjacent to the profile such that 
point O of leg OB lies on the reference axis line 
and point B lies on the extremity line. Leg OB 
must always be made longer than H, the dis- 
tance between the reference axis and the parallel 
extremity line. 

3. At any stratum y project a line parallel to the 
XX axis until it intercepts the leg OB at point m. 

4. Run a line perpendicular to leg OB from point m 
to point m on the cubic curve, and at right angles 
continue from point nm along the graph lines to 
point p on leg BC. 

5. With dividers transfer the total length b’ at 
stratum y to the graph OBCO, placing it perpen- 
dicular to leg BC (from point p to point q). 

. Repeat this procedure at other y strata between 
the reference axis and the parallel extremity line. 

7. Draw a smooth curve CqD through the ends of 
the perpendiculars erected on the leg BC. 

8. Determine the area within curve BpCqDB by a 
planimeter or by geometrical means. 

9. Determine the moment of inertia from 


for) 
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Fig. 4—Mohr’s moment of inertia cir- 
cle for determining location and mag- 


nitude of principal moments of inertia 





Fig. 5—Turbine blade profile with prin- 
cipal moments of inertia axes located 
and evaluated from Mohr’s inertia circle 
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Equation 3 has been developed from 
c Cc 
(BC) 3(BC) 
A; = bd | = f bl@dl 
7A (H’)8 (H")% ~ 


Since ratio y/H’ is equal to the ratio 1/(OB), 











(OB)y (OB)2 y? (OB) 
~—4 a — —— ———, and dl = dy 
Hi’ (H’)2 Hr 
Hence 
H’ 

‘ah os 3(BC) (OB)8 fo ” . 

? (OB)3 (H’)8 y rrr rr eee TTT (4) 
But since 


H’ 
I,,=fbyrdy 
0 


Equation 4 resolves into Equation 3. 

This moment of inertia determination is made from 
a profile that is scaled-up S times in size. This scale 
factor 8S is the ratio of drawing size to actual size. 
The actual value of the moment of inertia is found 
by dividing the results of Equation 3 by S* or 


| Ag! (H’)3 
1! = ~~ ___ Sones maces (5) 
3(BC) (S)4 


EXAMPLE: Known factors in a numerical analysis 
of the turbine blade profile shown in Fig. 1 are H’ = 
1.9 inches, H” = 4.68 inches, (BC) = 6.25 inches, 
and S = 6. Employing the graphical technique as 
outlined in the foregoing procedure, A,’ = 17.32 
square inches and A,” 2.73 square inches. From 
Equations 2 and 5 


A,’ (H’)3 A,” (H")8 
“3(BC)(8)4 | 3(BO)(8)4 
_-17.82(1.9)8 + 2.73 (4.68)8 
a 3 (6.25) (6)4 


> 0.01655 in.4 








Transfer of Inertia Axes: The relationship of Js, 
moment of inertia about an axis inclined @ degrees to 
axis XX, with J, and J,, moments of inertia about 
axes XX and YY, respectively, is 


(1, — I,) cos 26 
2 2 





+ J,, sin (— 26) 


where J,, is the product of inertia, and @ is the angu- 
lar location of the major principal moment of inertia 
relative to a reference axis. The form of this expres- 
sion is similar to that encountered in the transfer of 
stress axes. In that application the formula is often 
resolved into a graphical solution by the use of Mohr’s 
circle, 

The following are the properties of the Mohr’s 
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MOMENTS OF INERTIA 


circle for moments of inertia. 


1. Moments of inertia are measured along the hori- 
zontal axis. 

2. Products of inertia are measured along the verti- 
cal axis. 

3. The co-ordinates (/,, J,,) establish one point on 
the circle, and the co-ordinates (I,, — Jz,) estab- 
lish another point on the circle diametrically op- 
posite. 

4. The intersection of the horizontal axis and the 
diagonal (J,, Jzy,)-Uy Jr,) is the center of 
the circle. 

5. The moment of inertia properties about an axis 
@ degrees away from a reference axis are deter- 
mined by the co-ordinates on the circle estab- 
lished by rotating a diameter 29 degrees from 
the reference diameter. The sense of rotation is 
the same as that of the relative rotation between 
the new axis and the reference axis. 

6. The principal moments of inertia, Ima; and Imin, 
are the extreme dimensions of the circle on the 
horizontal axis. 


As discussed in the foregoing the inertia circle can 
be determined by first computing /,, J,, and J,,. Ac- 
tually J,, is not readily evaluated. The following 
method permits the construction of the inertia circle 
from three arbitrary moment of inertia values. These 
may be two perpendicular values such as J, and J, and 
any other third value J, or they can be any arbitrary 
relationships such as /,, Jj, and J, which are oriented 
at convenient angles of inclination as in Fig. 3. The 
procedure is: 


1. In Fig. 4 the vertical line OO represents a zero 
moment of inertia value. From this line measure 
off distances horizontally which will represent 
I,, Ie, and Iz; values as determined graphically by 
employing the cubic curve method. Construct ver- 
tical lines 1-1, 2-2, and 3-3 at these points. 

2. Superpose the axes of Fig. 3 on any point a of 
line 2-2 such that axis 2-2 of Fig. 3 is colinear 
with vertical line 2-2 of Fig. 4. It is important 
that Fig. 3 is superposed and not its mirror image. 

3. Extend the superposed axes until each axis inter- 
cepts its respective line of Fig. 4; that is, axis 
1-1 intercepts line 1-1 establishing co-ordinates 
of the circle at point (1). Similarly axis 2-2 in- 
tercepts line 2-2 to establish co-ordinates of point 
(2), and axis 3-3 intercepts line 3-3 at point (3). 

4. Erect perpendicular bisectors of lines a-(1) and 
a-(3). The intersection of these bisectors at c is 
the center of the inertia circle. 

5. Scribe a circle about c through points (1) and (3). 

6. A horizontal line drawn through c intersects the 
circle at two points, b and d, which establish the 
major and minor principal moments of inertia of 
the system, Imo; and Imin, respectively. 

7. Angle (1)cb is equal to twice the angle between 
axis 1-1 and the IJ,,q; axis. The actual angle is 
measured in the direction as shown on the circle 
in Fig. 4. 


Accuracy of this method was tested by checking the 
moment of inertia of a circle. The error observed was 
less than 3 per cent. 
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Big Camera 
Aids Aircraft Production 


A 29-foot long template camera, 
one of the largest in the aircraft 
industry, is helping to speed up 
engineering of delta-wing intercep- 
tors and other aircraft at the San 
Diego Div. of Convair. Accuracy 
of reproduction of the camera per- 
mits reproduction of drawings 12 
feet long with an error of 0.002- 
inch or less. Such accuracy per- 
mits drawing and lofting to be done 
in any convenient scale; drawings 
can then be reproduced in sizes 
more convenient for production. 

Total bellows extension of the 
camera is 12 feet. Film up to 42 
by 52 inches may be used, and en- 
largements to 4:1 or reductions of 
as much as 13:1 can be made. 
Copy is held on the 12 by 5 foot 
copyboard by vacuum. Steel 
sheets weighing as much as 200 
pounds can be held firmly in posi- 
tion on the board. 

One example of the camera’s 


A periscope on the back of the copyboard 





Back of Convair copying camera is 
in a darkroom. The film holder, like 
the copyboard, holds the film by 


vacuum 


ability to save time and expense is 
its use in making shrink reproduc- 
tions to a certain oversize for cast- 
ing patterns. Prior to the con- 
struction of the camera, it was nec- 
essary to make two drawings, one 
for the finished casting and one for 
the pattern. 


ermits the operator to watch 


indicating dials above the camera while adjusting position of the board. Two 
vacuum lines provide vacuum for holding copy in position 
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Transistor Developments 
Indicate Commercial Use Soon 


Various recent developments in- 
dicate that widespread commercial 
use of transistors may be a thing 
of the not too distant future. Some 
of the factors which have limited 
the use of transistors to date, such 
as high cost and scarcity of ger- 
manium from which many transist- 
ors are made, inability to withstand 
high temperatures, limited power 
handling capabilities, and poor per- 
formance at high frequencies, are 








CONVEYOR SWITCH: 
Called the Flip Switch, a 
new wheel-conveyor switch 
can be rotated to connect a 
. two-way belt conveyor with 
either of two wheel convey- 
or lines set at different 
‘levels. The entire assembly 
is pivoted bid both ends He 
permit rapid switching. 

automatic stop balde back 
stock while switching is 

_ taking place 
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Engineering News Roundup 





INVERTED SPEAKER: 
The loudspeaker shown is 
said to incorporate the first 
significant change in speaker 
design in 25 years, Place- 
ment of the speaker magnet 
on a spider inside the cone 
reduces bulk, making large- 
speaker tone possible in 
small radios. Carbonneau 
Industries Inc. will manufac- 
ture the speaker exclusively 
for Motorola 


well on the way to being overcome. 

Inherent advantages of transist- 
ors, which will do many of the 
things now done by vacuum tubes, 
are small size, low power consump- 
tion and reliability. A testimonial 
to the reliability of transistors is 
their application by Bell Telephone 
Laboratories Inc. in a switching 
system for toll call dialing known 
as a translator. One hundred trans- 
lators were in use as of June 1, 
1953. 

Commercial availability of four 


manium promises to lower its cost 
and thereby speed development and 
commercial availability of transist- 
or devices. Though still in the lab- 
oratory stage, the method devel- 
oped by the General Electric Re- 
search Laboratory, produces as 
many as 100 layers of the special 
germanium in a six-inch ingot. 
Other methods are said to produce 
only one or two layers. 

Pure silicon, another transistor 
material, is now being manufac- 
tured by Du Pont. Price of the 
new material is placed at two to 
four cents per transistor with all 
production being done at a small 
pilot plant. Silicon is attractive as 
a transistor material because of its 
ability to withstand temperatures 
to 400 F. Higher power can thus 
be handled by a silicon transistor. 
Additionally, silicon is an extreme- 
ly plentiful element, in contrast to 
germanium. 

All indications are that transist- 
ors will soon be pientiful and eco- 
nomical in addition to their other 
long-established good qualities. 
Such a condition will result not 
only in portable, battery powered 
television sets, but also in small, 
compact and reliable electronic ma- 
chine controls. 


Future is Bright 
for Engineering Students 


Recent campaigns to reduce the 
critical shortage of engineers are 
paying off. Through efforts of en- 
gineering societies, industries, uni- 
versities and high school science 
teachers, a 29 per cent increase in 
the number of college and univer- 
sity freshmen enrolled in engineer- 
ing courses in 1952 was registered. 

Keeping the high school science 
curriculum up to date is of primary 
importance in guiding young people 
to careers in the technical field. 
Also playing an important role is 
industry, making it easier for high 
school graduates to obtain college 
educations by offering scholarships 
and other forms of aid. Part of 
the flow of new scholarships is due 
to industry’s growing demand for 
scientists and engineers. 

At the Illinois Institute of Tech- 
nology, 441 students (nearly a 
quarter of the full-time enroll- 
ment) obtained scholarships total- 
ing $264,000. Under the Co-op 
plan, offered in mechanical, metal- 
lurgical, industrial and electrical 
engineering at I. I. T., students al- 
ternate semesters of study with 


SUPERSONIC SLED: Capable of attaining 5 age of 1500 mph, 
this rocket-powered sled is held to its guide rails by slippers. 


Powered b 


und thrust North American rocket motor, 


different types of transistors was a 50,000- 
recently announced by the RCA 
Victor. Initial output is said to be 
thousands per month, and current 
plans call for doubling of produc- 
tion by fall. All four of the new 
transistors may be placed in a 
thimble together. 

Experimental work done by the 
same organization has produced 
transistors which have functioned 
at frequencies of 425 megacycles 
per second, well into the ultra high- 
frequency region utilized by UHF 
television and a wide range of spe- 
cial electronic communications and 
industrial equipment. The highest 
frequency attained by transistors a 
year ago was 225 megacycles per 
second. 

A new method for producing ger- 


the test vehicle was developed by Cook Research Laboratories for 

studing performance of parachute brakes in the transonic and super- 

sonic speed ranges. Although now being used at Edwards Air Force 

Base for parachute brake study, it may be used for other super- 
sonic testing 
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semesters of work. Some indus- 
tries in this plan also pay the stu- 
dent’s tuition and other school ex- 
penses. 

American industry is now hiring 
one engineer to every 60 produc- 
tion workers. This demand trans- 
lates itself into spectacular salary 
advantages for engineers. From 
his choice of about a dozen jobs, 
the engineering graduate can ex- 
pect a starting salary of approxi- 
mately $80 per week. 





Nylon gears are being used in the 
transmissions of Packard cars, The 
gears used are a drive gear and 
pinions for the transmission gover- 
nor and the speedometer. This is 
said to be the first time plastics 
have been used successfully in the 
complete gear train. 

Seventh Annual Summer Meet- 
ing of the Wisconsin Society of 
Professional Engineers will be held 
at Elkhart Lake, Wis., on Septem- 
ber 18 and 19. 





RAM AIR TURBINE: Em- 
ergency hydraulic power for 
operation of aircraft control 
systems is provided by an 
air turbine driven hydraulic 
ae which will supply 3.4 
ydraulic horsepower at 130 
knots airs at outlet- 
ressures to 3000 psi. Made 
y AiResearch Mfg. Co., 
the unit will operate at air- 
speeds equivalent to Mach 
1 or the speed of sound 
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URANIUM ROLLING MILL: First mill in this country designed 
expressly for the production rolling of uranium turns out bars for 


further fabrication into slugs 


in nuclear reactors. Designed 


and built by Birdsboro Steel Foundry & Machine Co., the mill is 


part of the Atomic Ener 


Commission’s new uranium production 


center at Fernald, O., where uranium is produced for use in AEC 
fissionable materials oo throughout the country. This center 


is operat 


Advocates ‘Horse Sense” 
For Better Engineering 


Replacing the “ivory tower per- 
fectionism” of some engineering at- 
titudes with “old-fashioned horse 
sense” can multiply the effective- 
ness of American industry’s tech- 
nical manpower, says George M. 
Muschamp, vice president in charge 
of engineering of Brown Instru- 
ments Div., Minneapolis-Honeywell 
Regulator Co. Forsaking engineer- 
ing technique in some cases for 
simpler, more economical methods 
would keep projects within the 
framework of “what will it cost 
and how long will it take,” Mr. 





by the National Lead Co. of Ohio 


Muschamp told the manufacturing 
conference of the American Man- 
agement Association in New York 
City recently. 

Good administrative handling 
can add to the productivity of the 
now scarce engineer, and the rec- 
ommendation was made that en- 
gineers be taught better evaluation 
and target-setting habits to recon- 
cile their technical viewpoints with 
the goals of their employers. 

Technical situations must be 
tempered by “plain economics,” 
said Mr. Muschamp. He suggested 
that management foster a high 
delegation of responsibility and an 
even higher degree of self-man- 
agement at lower levels. 
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Honeycomb Construction Used for Dive Brake Door 


A sandwich of aluminum sheets 
and honeycomb is used for the dive 
brake door used on North Amer- 
ican F-86 Sabrejets. Sandwich con- 
struction is lighter than that using 
metal reinforcing ribs, but this 
weight saving would be useless 
without an adhesive strong enough 
to withstand the stresses of high 
speed flight. A black, sticky mass 
called Epon is the adhesive used 


and, though somewhat difficult to 
apply, forms a sure bond when cor- 
rectly applied. 

Honeycomb is received in large 
tightly compressed sheets from 
which narrow strips of predeter- 
mined size are cut. Metal bars are 
fastened to each end of the strip, 
and it is then stretched to give it 
cellular form. The stretched honey- 
comb is marked with templates and 





then cut to shape on a bandsaw. 
A special fixture holds the honey- 
comb cut to correct outline while 
it is bandsawed to correct contour 
so it will conform to the curved 
outer surface of the dive brake 
door. 

Cheesecloth is thoroughly im- 
pregnated with Epon, which must 
be applied very evenly. The impreg- 
nated cheesecloth is then applied to 
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the interior of the outer skin and 
prepared honeycomb placed in po- 
sition on the cheesecloth. Skin 
and honeycomb are then tightly 
wrapped to a vacuum table which 
holds them tightly together during 
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baking to cure the adhesive. Inner 
skin is then applied to the assembly 
by a similar process. Riveting of 
edges completes the process and 
the door is ready for shipping. 


(1) Sheet honeycomb is 
bandsawed into strips of 
correct size 
(2) Stretched honeycomb is 
marked with templates and 
a sharp knife for cutting. 
Tape outlines the marks 
(3) Cheesecloth is  thor- 
Oughly impregnated with 
must be ap- 
plied very evenly 
(4) Impregnated cheese 


} cloth is applied to skin and 
t hitevcoats 


sections put in 
osition 

(5) Ascguihey is held to- 

Rether by vacuum during 


; baking 
(6) Completed dive brake 
oor 


MAYPOLE?: This “maypole” is actually metal braid pi gp 
e may 


to the inner core of Titeflex metal hose. Braidin 
have from 16 to 48 braid carriers, each carrier hol 


ma 
ding from one 


to eight strands 


Munitions Board Urges 
Avoiding Critical Materials 


In a study recently completed by 
the Munitions Board, Department 
of Defense, as a guide for selection 
of materials for military engineer- 
ing and design, a group of mate- 
rials, listed in Column A, have 
been designated as strategic mate- 
rials in short supply. It is advised 
that uses for these materials be re- 
duced, with substitutes used when- 
ever possible. In Column B are 
materials available in necessary 
quantities to meet emergency re- 
quirements. 


A 
Materials in Short Supply 
in Time of Total War 

Nickel 
Cobalt 
Tantalum 
Columbium 
Beryllium 
Tungsten 
Copper 
Cadmium 


B 

Materials Readily Available 
Molybdenum Boron 
Titanium Silicon 
Chromium Manganese 
Manganese Antimony 
Zinc Lead 
Aluminum Magnesium 
Vanadium 


At present, moderate substitu- 
tion of molybdenum for tungsten is 


desirable, since the supply of mo- 
lybdenum would become critical if 
general substitution occurred. Par- 
ticularly urgent is the evaluation of 
uses for nickel. Development of al- 
ternate low alloy steels is recom- 
mended. Also advised is the use of 
oxide, ceramic, nonmetallic paint or 
plastic coating instead of metals 
now used as protective coatings. 


Awards in the 1952-1953 Heli- 
Coil Engineering Student Design 
Award Program were made as fol- 
lows: first award of $1000 to James 
D. Dunfee of the Drexel Institute 
of Technology; second award of 
$500 to Joseph F. Klipp, a student 
at New York University; and be- 
cause of a tie, duplicate third 
awards of $250 to Warren C. Bross 
of the Newark College of Engineer- 
ing and Robert W. Bradspies, a 
student at the New York Univers- 
ity College of Engineering. In ad- 
dition, merit awards of $100 were 
made to Midshipman Ronald E. Ad- 
ler, 1/ec USN, of the U. S. Naval 
Academy and R. J. Murphy of Stev- 
ens Institute of Technology. 
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Navy Pilots Fly 
High Without Leaving Ground 


Future pilots of the Navy’s P2V- 
5 long range flying arsenal are re- 
ceiving flight instruction in the 
new P2V-5 Flightronic simulator, 
an airplane trainer housed in a 42 
foot mobile trailer. 

Illusion of flight in these simu- 
lators is complete to clouds, light- 
ning, structural vibration and pro- 
pellor “chirp” when the engines are 
idling. Designed and built for the 
Special Devices Center, Office of 
Naval Research, by Engineering 
and Research Corp., this new train- 
er provides an economical and safe 
method of training pilots. 

Crash landings and other emer- 


At the chart projection system, the 

instructor selects any of six chart 

scales by rotating a disc of color 

slides accurately aligned with the 

plotting board. Different areas are 

covered by changing the disc in the 
projector 


gency procedures (caused by 
switches in the instructor’s com- 
partment) enable the pilots to be- 
come thoroughly familiar with fail- 
ures liable to occur in actual flight. 
Radio communications and aids 
to navigation are also incorporated 
in the trainer. 

Basically, an electronic computer 
in which all the forces acting on 
the airplane in flight (including the 
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Cutaway sketch shows layout of cockpit section, instructor’s console and 


analog computer racks. Entry through the instructor’s station isolates pilots 
from unrealistic distraction 


pilot’s control forces) are consid- 
ered as items in a number of equa- 
tions, the trainer provides a type of 
simulation far more complete than 
types formerly used. 

A new feature in the design of 
this simulator is the possibility of 
coupling the device with a P2V-5 
tactics trainer, now nearing com- 


From the instructor’s console, left, 
the entire flight procedure of the 
pilot is monitored. At the right, the 
engineer can adjust one of the three 
callie station simulators to simulate 
any type of radio aids transmission, 
which can be controlled to apparent- 
ly originate from any desired po- 
sition on the plotting board map 


pletion. This will be the first time 
the entire combat crew of a large 
military airplane will be able to 
perform operation and tactics train- 
ing together in a flight simulator. 
This combination will probably be 
the largest and most comprehen- 
sive synthetic device ever built. 


New Viscosity Standard 


National Bureau of Standards 
has adopted the value of 0.01002- 
poise for the absolute viscosity of 
water at 20 deg C as the primary 
standard for the calibration of 
standard viscosity samples and vis- 
cometers. The American Society 
for Testing Materials, the National 
Physical Laboratory in England 
and the Physikalisch-Technischen 
Bundesanstalt in Germany have 
also indicated that they will adopt 
this value as of July 1, 1953. 

The value of 0.01005-poise for 
the absolute viscosity of water had 
been widely used as the primary 
reference standard. Use of the 
new value of 0.01002 will result in 
a reduction of 0.3 per cent in the 
measured values of viscosity and 
will make viscosities reported in 
absolute units correspondingly 
more accurate. Previously pub- 
lished data based on 0.01005-poise 
may be adjusted to the new stand- 
ard by reducing the published val- 
ues by 0.3 per cent. 
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TH E successful solutions by Johnson Bronze 
of many bearing problems are dependent on 
a number of factors. Speed, load, shock, 
operating temperatures, corrosive conditions, 
lubrication and other considerations help 
Johnson engineers determine the types of 
bearings to be used. Of equal importance with 
the bearing material is the design and con- 
struction of the bearing. For example . . . one application 
requires a cast bronze or aluminum alloy sleeve bearing 
while another demands the strength of steel backing for 
the bearing alloy. Since Johnson Bronze manufactures all 
types of sleeve bearings (see list), the recommendations of 
Johnson engineers are free from prejudice on material, 
design, construction and finish. These sleeve bearing 
specialists are working constantly with many of America’s 
leading manufacturers. They will be glad to consult with 
you, too. Write for an appointment. 


JOHNSON BRONZE CoO., 525S. Mill St., New Castle, Pa. 


JOHNSON BRONZE PRODUCES ALL TYPES OF SLEEVE BEARINGS: ALUMINUM-ON-STEEL » CAST 
ALUMINUM ALLOY » BRONZE-ON-STEEL, copper lead * STEEL BACK, babbitt lined * BRONZE BACK, babbitt 
lined * CAST BRONZE, plain or graphited * SHEET BRONZE, plain or graphited » LEDALOYL powder metallurgy 


MACHINE DESIGN—August 1953 


195 





Engineering News Roundup 





LOW COMPRESSION-SET 
RUBBER: A new low com- 
pression-set (8 per cent) sili- 
cone rubber, recommen 

particularly for applications 
where parts such as seals 
and ets must remain ef- 
fective under sustained pres- 
sure, has been developed by 
the General Electric Co. The 
two molded disks were both 
compressed 50 per cent and 
baked for 22 hours at 300 


F. The eral ma- 
terial plasmas” a 10 per 
cent of its original height 
height while new SE- 
360 recovered 92 per cent 


Adapt Synthetics 
To Electrical Insulation 


New in the field of electrical in- 
sulation, Dacron, a compound of 
ethylene glycol and terephthalic 
acid previously used for textiles 
only, is undergoing wide commer- 
cial evaluation as a cover for dry 
transformer conductors. This Du 
Pont polyester displays high resist- 
ance to degradation by heat, low 
moisture absorption, chemica] re- 
sistance, great stretch resistance 
and strength. Dacron, which can 
be made tougher than asbestos, is 
said to be easy to apply as an in- 
sulating cover. 

Orlon acrylic fiber, another tex- 
tile material, is also being studied 
as an insulating material. Yarn of 
this synthetic in 75, 100 and 150- 
denier weights is being used main- 
ly as insulation for magnet wire. 
Orlon winds readily and resists 
weathering and outdoor exposure 
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to acid gases in the air. 

Nylon, a relative veteran insulat- 
ing material, is used as a wrapping 
on wire in magnets and in coils and 
transformers in electronic devices 
such as radar, sonar and other com- 
puters, direction finders and cal- 
culators. 


Corrosion Measurements 
Made with Interferometer 


Studies of the corrosion resist- 
ance of such materials as optical 
glass, porcelain enamel, quartz and 
other natural and artificial sili- 
cates, and various metals are being 
made at the National Bureau of 
Standards by means of interfero- 
metric measurements. Comparison 
and prediction of the chemical dur- 
ability of various materials is be- 
lieved possible with this method. 
Corrosion to a depth of as little 
as 1 or 2 ten-millionths of an inch 
can be detected on optically flat 
specimens. 

Specimens are ground and pol- 
ished to optical flatness and then 
immersed to half their depth in the 
desired corrosive solution. After a 
specified time they are withdrawn, 














































Interferometer in use at National 

Bureau of Standards measures 

amount of corrosion of an optically 
flat specimen 


rinsed and dried and covered with 
an optically flat piece of quartz. 
Using a conventional interferomet- 
ric viewing apparatus of the Pul- 
frich type, and with an unfiltered 
helium lamp for illumination, dis- 
placement of the optical interfer- 
ence fringes at the level-of-solu- 
tion line of the specimen is ob- 
served. As viewed through the eye- 


MASSIVE PRESS SLIDE: This unusual assembly is the draw slide 

of an 8000-ton triple-action hydraulic press for stamping out in- 

tegrally stiffened air frame sections at Lockheed Corp. The slide 

is approximately 31 feet long, 14 feet wide and 111/ feet high. De- 

signed by Birdsboro Steel Foundry and Machine Co., the assembly 
was machined and fabricated by Bethlehem Steel Co. 
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UTTON A GENERATOR on or off of an airplane? 
Westinghouse does! And at a reported time saving 
of up to 8 man-hours per plane! 


The ingenious new Westinghouse generator mount- 
ing bracket employs “buttonholes” that permit the 
assembly to be quickly slipped on or off over headed 
studs on the airframe. For practical produc- 
tion of this unit, a one-piece precision casting 
to close dimensional and surface tolerances 
is the economical answer. This casting, how- 
ever, is much larger than can be produced by 
ordinary investment casting processes. 


Westinghouse brought the problem to 
Alloy Precision Castings Company. Engineers 
and metallurgists at Alloy developed the 
illustrated 6 lb., 6/2 inch diameter mercasting 
in 410 stainless. Critical tolerances are held 
to +.003”/inch. Very little finish machining 
is required and the “buttonholes” are used as 


ALLOY PRECISION 
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MERCAST " Buttonholes 
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cast. Complete inspection by Alloy assures customers 
top quality and accuracy. 


Mercasting made the Westinghouse generator mount 
idea a reality. Send details about your “impossible” or 
“too costly” jobs today! Learn how Alloy Precision can 


save you time and money with designs for mercasting. 
A.6298 


ALLOY PRECISION CASTINGS COMPANY, DEPT. C-4 
45th and Hamilton, Cleveland 14, Ohio 


Please RUSH Bulletin 706 describing the 
Mercasting Process. 


NAME 





TITLE 





COMPANY. 
ADDRESS 
ciITY 
ZONE 














*FROZEN MERCURY INVESTMENT CASTING 
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piece of the instrument, the inter- 
ference fringes are vertical paral- 
lel lines. If the uniform flatness of 
the specimen being studied has not 
been impaired by the corrosive sol- 
ution, these fringes are straight 
and continuous. However, if the 
surface has been attacked where 
immersed, each of the vertical 





attermn as seen 


Typical 

through the eyepiece of the inter- 

ferometer. Swelling of the lower 

half of the specimen, which was 

immersed in a corrosive solution, has 

caused displacement of the fringes 
to the left 


fringe 


fringes is shifted laterally at the 
point where it crosses the line 
where thickness changes. If as 
sometimes happens, the solution 
has caused swelling of the speci- 
men, the lateral shift is in the op- 
posite direction. A lateral shift 
equal to the space between two ad- 
jacent fringes corresponds to a di- 
mensional change in the specimen 
amounting to one-half wavelength 
of light, or approximately 0.3 mi- 
cron. With careful use of the inter- 
ferometer, changes in specimen 
thickness of as little as 0.003-mi- 
cron can be detected. 





A 51 year old high school in 
Rockford, Ill. is being converted to 
house both engineering and produc- 
tion facilities of the John S. Barnes 
Corp. Extensive remodeling will 
add a new modernistic entrance, 
passenger and freight elevators, 
truck and rail loading docks and a 
saw-tooth roof for improved illumi- 
nation. Production at the plant 


will be for the automotive and ma- 
chine tool industries. 
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EMC Censures 
Military Manpower Control 


Twenty-five per cent of the en- 
gineers and scientists now in pro- 
ductive defense, development and 
research could be placed in uni- 
form by a snap of the Pentagon’s 
official finger, according to a re- 
cent statement by the Engineering 
Manpower Commission of the En- 
gineers Joint Council. 

This situation exists due to a 
compulsory reserve, created by 
Public Law 51, into which military 
personnel including Selective Serv- 
ice Inductees and ROTC graduates 
go upon completion of active serv- 
ice. This reserve pool, which is ex- 
panding every day, will soon exceed 
10 million men and includes an in- 
creasing proportion of the engi- 
neers and scientists vital to our de- 
fense production economy. Recall 
of these reservists rests solely with 
the Department of Defense. 

To prevent such an occurrence, 
the Engineering Manpower Com- 
mission and ten of the nation’s 
largest professional and trade as- 
sociations are backing legislation 
known as the Flanders-Johnson 
Bill which, they say, can save the 
nation from a major catastrophe. 








“There! Now who says | can’t 
even design one of these! 





West Coast Electrical Mfg. Corp. 
recently moved into new quarters 
at 233 W. 116th Place, Los Angeles 
61, Calif. All business is now being 
conducted from the new address. 
Adjacent property will permit fu- 
ture expansion. 


























STABILIZED CRANE: 
Load swing is eliminated in 
a new Cleveland Tramrail 
—_, which finds use in 
ing operations, in 

walenss 1a ed, and 
for supporting traveling X- 
ray equipment used in mak- 
ing studies of long objects. 
Hoisting ropes form a tri- 
angular suspension which 
its holding a load rig- 

idly in and eliminates 
longitudinal, lateral and ro- 

tational sway 


Consolidation of Timken-Detroit 
Axle Co. and Standard Steel Spring 
Co. to form Rockwell Spring and 
Axle Co, is expected early this fall. 
The new company, with 21 plants 
employing 19,000, will be a sup- 
plier to nearly every passenger car, 
truck, trailer, farm equipment, road 
building equipment and material 
handling equipment manufacturer. 


Packing Manual 


A recently published 60-page 
manual and catalog contains ap- 
plication data on leather and syn- 
thetic rubber packings as well as 
O-rings. Complete information on 
types of packings meeting ASTM, 
AMS, JIC and government stand- 
ards is also included. Factors to 
be considered in choosing the cor- 
rect material for a particular type 
of service are fully discussed in the 
publication, designated Catalog and 
Manual 201 by the publishers, Gra- 
ton and Knight Co. of Worcester, 
Mass. and International Packings 
Co. of Bristol, N. H. A copy may 
be obtained from Graton & Knight 
at 356 Franklin St., Worcester, 
Mass. 
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Here’s how 





this strainer 


“combs” itself clean! 


This simple chalk test shows how AUTO-KLEAN’s 
unique built-in comb construction cleans the 
strainer without costly interruption of flow 





@ AUTO-KLEAN’s permanent 
able in steel, brass, or stai 
free service. 


@ AUTO-KLEAN is adaptable to any fluid-flow system. 


® From acids to tar. . 


ORDINARY BLACKBOARD CHALK 
leaves heavy deposit of chalk 
particles on and between discs 
of Cuno AUTO-KLEAN strainer. 


TURNING HANDLE ONE REVOLU- 
TION moves strainer element 
through comb blades, removing 
all traces of chalk from between 
discs. Cuno’s exclusive combing 
operation cleans thoroughly 
—without stopping flow. 


FILTERING AREA IS COMPLETELY 
CLEAN, restoring full initial ca- 
pacity. All chalk particles and 
dirt fall to bottom of housing 
where they can be drained 
periodically. 


metal filter element is avail- 
nless steel for long, trouble- 


. if you can pump it, Cuno can 


filter it. Capacities range from one gallon per hour to 


15,000 gallons per minute. 







AUTO-KLEAN (dise-type) > MICRO-KLEAN (fibre cartridge) * FLO-KLEAN (wire-wound) 








SINGLE-STRAINER 
PROTECTION FOR 
LUBE OILS AND 
PROCESS FLUIDS 





Continuously cleanable AUTO-KLEAN 
eliminates need for stand-by strainers 





AUTO-KLEAN’s compact con- 
struction gives you full-flow oper- 
ation in space which would limit 
ordinary filters to by-pass service. 
The low pressure drop of AUTO- 
KLEAN strainers permits this full- 
flow service on gravity, low pres- 
sure, high pressure, or suction 
lines—with no loss in operating 
efficiency. 

Cuno’s exclusive ““comb-clean”’ 
action provides complete cleaning 
of the filter element—without 
stopping fluid flow. Thus, there’s 
no need for a stand-by strainer. 

The low maintenance costs of 
the AUTO-KLEAN save you money, 
for there are no cartridges to 
change. An occasional rotation of 
the handle does the cleaning job 
(most units can be equipped with 
motor-drives for continuous 
cleaning). 

Fixed-space metal discs in this 
modern strainer positively remove 
all solids larger than the specified 
disc spacing—from .0035" up to 
062". 

For permanent, positive fluid 
protection, install compact Cuno 
AUTO-KLEAN—the precision-built 
strainer. Send the coupon for free 
bulletin. 


rnterraretraet eres “| 


Cuno Engineering Corporation 
Dept. 203A South Vine Street, Meriden, Conn. | 


Please send me bulletin on Cuno AUTO-KLEAN | 
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Helicopter Has 
Four-Bladed Rotor 


The first test flight of a new 
evacuation ambulance helicopter, 
the Doman YH-31, was completed 
recently. Unique in that it has a 
four-bladed single rotor, the heli- 
copter also features a compact ro- 
tor unit, large capacity, 7-foot wide 


positive drive system between the 
engine and rotor in all flight condi- 
tions. Compound exhaust ejectors 
draw cooling air over the engine 
cylinders, eliminating the need of a 
cooling fan 

Sister ship of the YH-31, Do- 
man’s LZ-5 has been converted to a 
twin-engine model with over 1 ton 
useful load capacity. This ship 
will make possible the expansion of 





doors, tail rotor above normal head 
height and constant pressure of oil 
flow in the rotor system for all 
moving parts. 

An innovation is the use of a 
fluid coupling to initially engage 
the rotor system to the enginc and 
an automatic lockout to provide a 


the commercial helicopter field by 
providing inter-airport and city-to- 


airport transportation, according 
to company president Glidden S. 
Gilman. Both the YH-31 and the 
LZ-5 feature the Doman four-blad- 
ed lifting rotor, cailed the world’s 
only successful hingeless rotor. 





Hard Vinyl Plastics 
Welded or Machined 


Two recent developments promise 
to widen the already extensive field 
for nonplasticized hard vinyl] plas- 
tics. Welding rods of triangular 
cross-section, 0.20 and 0.28-inch on 
a side, expedite the welding of 
large assemblies such as chemical 
sinks and corrosion resistant fans; 
and solid bars up to 2.50 inches in 
diameter and of uniform density 
permit the machining of screws, 
nuts, bolts, gears and valves. 

Welding of plastics was formerly 
a costly and time consuming oper- 
ation, as in any but the narrowest 
seams, filler material was required 
and only repeated passes produced 
satisfactory seams. The new Luco- 
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flex triangular welding rods are 
said to produce tight seams without 
filler materials and with a single 
pass. Economies of 80 per cent are 
visualized in time alone; materials 
costs are expected to be reduced by 
50 per cent, according to Lucoflex 
engineers. 

Up to now, large rigid assemblies 
constructed entirely of corrosion 
resistant plastics were rare because 
large bars are often spongy, mak- 
ing machining difficult at best, and 
producing rejects. The alternative 
was to use metallic supports at the 
sacrifice of corrosion resistance. 
The new Lucoflex bars, 2.00 and 
2.50 inches in diameter, are claimed 
to have uniform density, mechan- 
ical properties and good chemical 
resistance. 











Vacuum coating apparatus for de- 
positing rhodium and other metals 


Rhodium Coating 
Service Available 


Conductive and nonconductive 
materials can be coated with rhod- 
ium by using the vacuum tech- 
nique, according to Serfass Corp. 
Rhodium is being applied on a 
commercial basis upon glass and 
other nonconductive substances to 
meet specifications of transmit- 
tency and hardness. Coating thick- 
nesses can be applied to give con- 
trolled reflectivity or transmit- 
tance within 5 per cent. 

Rhodium has high resistance to 
chemical attack, and because of its 
high reflectivity, is used for mir- 
rors and reflecting surfaces which 
must withstand corrosive chemical 
atmospheres. It has been deposited 
on glass, microscope slides, mirrors 
for optical apparatus, reflectors for 
telescopes, glass go and no-go 
gages and glass bearing surfaces. 
When deposited on glass and baked, 
rhodium coatings become extremely 
hard and therefore provide thin, 
hard surfaces which resist wear 
and friction. 


Liquid sodium is being pumped 
at temperatures of 580 to 1000 F in 
an experimental installation at the 
Knolls Atomic Lab, operated by GE 
for the AEC. Purpose of the in- 
stallation is to study characteris- 
tics of electromagnetic pumps and 
flowmeters which are now commer- 
cially available. 
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Special KAYDON two-row Angular Contact Ball Bear- 
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These KAYDON-bearinged BELL Anti-Submarine —_— 


Helicopters wont be outsmarted ! a 











AVY’S latest “bad news” for unwelcome sub- 
marines are the HSL-1 Bell Helicopters... 
most powerful tandem-rotor ’copters known... 
big but compact, with high speed, long range and 
all-around performance “beyond expectations”. 


Special thin-section KAYDON two-row angular 
contact ball bearings, used on the swash plates, 
contribute much to the compactness, speed, con- 
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trolability and stability of these modern defend- 
ers of America. * KAYDON cooperates with many 
designers and technicians in terms of precision 
bearings that improve aircraft, automotive, mili- 
tary and industrial equipment . . . to help make 
many products better, faster, more profitably. 


On units you make to sell, or buy to use, speci- 


fy KAYDON bearings. Contact KAYDON of Muskegon. 


KAYDON Types of Standard and Special Bearings: 


Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
® Roller Radial ¢ Roller Thrust ¢ Bi-Angular Bearings 
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Elbows 


Parker Triple-lok fitting line has 
been expanded to include long and 
extra long male elbows. Addition 
of these fittings affords a greater 
flexibility in planning tube circuits. 
Shorter, standard shaped elbows 
may be nested within the longer el- 
bows, permitting close, parallel 
lines. Standard stock is steel; how- 
ever, the two new shapes are avail- 
able on special order in brass, type 
316 stainless steel and aluminum. 
Fittings include body nut and 





sleeve. Shown left to right, are the 
standard C BTX, the long CC BTX 
and the extra long CCC BTX male 
elbows. Made by Parker Appliance 


Co., 17325 Euclid Ave., Cleve- 


land, O. 


For more data circle MD-34, page 203 


Stainless Steel 


Alloy V2B combines high hard- 
ness, nongalling characteristics and 
corrosion resistance. It is a hard- 
enable 18-8 type of stainless steel, 
containing copper, molybdenum, sil- 
icon and a very small amount of 
beryllium. Readily machinable in 
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the quench-annealed state, it may 
be hardened by a low-temperature 
heat treatment, producing no dis- 
tortion and only a light heat tinting 
discoloration, which may be re- 
moved. In the annealed condition, 
the material is easily welded using 
special V2B welding rods. V2B 
does not over-age at elevated tem- 
peratures and may therefore be 
used in steam applications and at 
temperatures up to 1400 F. Pro- 
duced in both cast and wrought 
form. Made by Cooper Alloy Found- 
ry Co., 100 Bloy St., Hillside, N. J. 


For more data circle MD-35, page 233 


Vibration-Noise lsolator 


The Type 915 Barrymount is de- 
signed to provide isolation at fre- 
quencies above approximately 20 
cps, for equipment applying static 
loads of 15 to 200 lb per unit iso- 
lator. When loaded within its rec- 
ommended range, it will provide 
from 70 to 90 per cent isolation at 
30 cps (1800 rpm), and more at 
higher frequencies. Made by the 


Barry Corp., 700 Pleasant St., Wa- 
tertown 72, Mass. 


For more data circle MD-36, page 203 








Automatic Lubricator 


Control flexibility is one of the 
features of the type E solenoid- 
operated lubricator which can be 
applied to almost all machines and 
mounted in any location. It re- 
quires no connection to a moving 
element of the machine. It can be 
actuated by trip switches, existing 
control circuits, electric timer con- 





trols or pushbuttons. It will de- 
liver from 6 to 24 drops of oil pe! 
stroke, and maximum frequency o! 
operation recommended is four 
strokes a minute. Temperature rise 
is within safe limits with the solen- 
oid cover in place, and the unit is 
available with either a 3 or a 6- 
pint capacity reservoir. The lubri 
cator can be used on machine tools 
metalworking machinery, packag- 
ing, bottling, printing, textile, wooc 
working and special and genera! 
industrial machines. Available as 
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an extra is a float-switch control 
that actuates a visible or audible 
alarm when the oil supply is low, 
and that will shut off the machine 
if the supply is not replenished. 
Made by Bijur Lubricating Corp., 
Rochelle Park, N. J. 


For more data circle MD-37, page 203 


Vertical Action Starter 


Featuring front mounted parts 
for accessibility and easy mainte- 
nance, new NEMA size 4 vertical 
action starter has maximum poly- 
phase ratings of 50 hp, 220v and 
100 hp, 440 to 550 v. Overall di- 
mensions are 914-in. wide, 1434-in. 
high and 7 3/16-in. deep. Double- 
break silver contacts do not require 





filing or dressing and eliminate flex- 
ible jumpers and pivots. The arma- 
ture has straight line motion, guid- 
ed top and bottom. As many as 
eight electrical interlocks can be 
added to the starter, four normally 
open and four normally closed. 
Made by Square D Co., 4041 North 
Richards St., Milwaukee 12, Wis. 


For more data circle MD-38, page 203 


Right-Angle Motoreducer 


This unit converts the high speed 
of a motor into low-speed, high- 
torque output. Right-angle, worm 
gear design offers economy and ver- 
Satility in mounting and load hook- 
up. The unit permits the simul- 
taneous use of as many as 3 output 
Shafts from the same motor. Drive 
motor can be either standard squir- 
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rel-cage, slip ring, multispeed or 
fluid shaft in either dripproof, 
splashproof or totally enclosed de- 





signs. Motoreducer is available in 
%, 3%4, 1 and 1% hp ratings with 
speed reductions to as low as 18, 
24, 36 and 58 rpm, respectively. 
Foot or ring mounting is optional. 
Reuland Electric Co., Alhambra, 
Calif. 


For more dita circle MD-3), page 203 


Barrel Nut 


Self-locking Flo-Nutt can be used 
wherever conventional barrel nuts 
are employed. It eliminates the 
need for milling of large recesses 
for wrench clearance and is self- 
aligning. Where a number of 
matched drilled holes in one pat- 





tern are required, this nut can he 
set up with a variance of 1/64-in. 
in any direction. This variance is 
possible because the self-aligning 
or “floating” nut can shift within 








the barrel. Body of the nut is an 
anodized aluminum alloy with a 
cadmium plated steel retainer. 
Available in a range of bolt sizes 
from 14-28 to 112-12 with tensile 
strength of 5760 to 272,000 Ibs. 
Made by A. A. Metal Products Inc., 
6200 South Central Ave., Los An- 
geles 1, Calif. 


For more data circle MD-40, page 203 


Breather Vent 


Originally designed for gear cas- 
es on aircraft, this vent has inter- 
nal baffles to prevent oil spillage, 
contains no corrosive material and 
conforms to Naval and USAF air- 
craft specifications. It relieves in- 
ternal pressure and permits filtered 





air to enter the gear case. Instal- 
lation requires a tapped hole near 
the top of the gear case housing. 
Available in several standard or 
special sizes from Technical Devel- 
opment Co., 6740-42 Baltimore Ave., 
Fernwood, Pa. 


For more data circle MD-41, page 203 


Torque-Limiting Clutches 


Slip type friction clutches for use 
as overload protective devices in 
power drives whose torque capac- 
ity does not exceed 260 Ib-ft are 
designed as an alternative to shear 
pin methods. Three models are 
mace with diameters of 4144, 5% 
and 6\4-in. and ratings of 55, 121.5 
and 260 lb-ft respectively. Units 
are particularly adapted to roller 
chain drives and are designed to be 
use} in connection with standard 
Morse type A plain plate roller 
chain sprockets. Other types of 
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rotating members such as gears, 
pulleys and sheaves can also be 
used. 

Clutches slip at the preselected 
overload torque setting, which can 
be adjusted within individual mod- 


el capacities, and will not transmit 
power until the overload condition 
is remedied. They are then imme- 
diately ready for further service. 
Made by Morse Chain Co., 7601 
Central Ave., Detroit 10, Mich. 
For more data circle MD-42, page 203 


Collector Rings 


Used for conducting current from 
a stationary to a rotating part, 
these collector rings require a min- 
imum of space. Sizes range from 1 
to 16 conductors, with conductor 


ratings from 35 amp at 600 v to 75 
amp at 600 v. Industrial all-pur- 
pose collector rings are rated for 
speeds up to 900 rpm. Insulators 
are made of moistureproof phenolic 
material of high dielectric strength. 
Brushes are of high conductive cop- 
per graphite, and each brush is 
shunted for absolute electrical con- 
nection. A free-acting adjustable 
flat helical spring maintains con- 
stant brush pressure. Bore of the 
standard model collector ring is 1%% 
in. ‘Made by Industrial Electrical 
Works, 1501 Chicago St., Omaha 2, 
Neb. 


For more data circle MD-43, page 203 


Pilot-Operated Valves 


Model V aluminum four-way 
slide valve can be operated by cam, 
hand or foot-contro] poppets, or by 
solenoid pilots. This type R (re- 
ciprocating) master valve unit em- 
bodies a slide valve linked to a bal- 
anced piston with line pressure 


maintained on the inside as well as 
on both ends of this piston. Ex- 
hausting air from either end of the 
piston by means of two-way bleed- 
er valves causes pressure on op- 
posite end to shift the valve. Valve 
position is maintained until the air 
from the opposite end is bled. Type 
AR (air return) master valve unit 
also embodies a slide valve, in this 
case linked to an unbalanced pis- 
ton; inside of the piston is under 
constant pressure. Piston is shift- 
ed by admitting compressed air to 
the large end through the energiza- 
tion of a_ three-way, normally 
closed solenoid pilot valve. Piston 
returns to normal position when 
pilot valve is de-energized. All air 
passages are precision drilled. Type 
R is available in 144, %, % and 1-in. 


pipe sizes; type AR, in 44, % and 
¥4-in. pipe sizes. Available from 
Nopak Div., Galland-Henning Mfg. 
Co., Milwaukee 46, Wis. 


For more data circle MD-44, page 203 


Hydraulic Pumps 


HC Series gear type pumps are 
designed for use with agricultural 
implements, tractor loaders, indus- 
tria] trucks, machine tools, agricul- 


tural and industrial power steering 
systems and construction machin- 
ery. They are available in three 
sizes with capacities ranging from 
5.4 to 10 gpm at 1800 rpm and 
pressure of 1000 psi, and will pump 
most liquids having a substantial 
oil base. The shaft design permits 
these pumps to be direct, gear, or 
belt driven. A wide selection of 
porting locations is available; end 
or side porting is standard. HC 
Series units may be had with an in- 
ternal relief valve which permits 
regulation of pressures between 
500 and 1200 psi, but cannot be 
used as a control or pressure reg- 
ulating valve. Made by the Web- 
ster Electric Co., Oil Hydraulics 
Div., 1900 Clark St., Racine, Wis 


For more data circle MD-45, page 203 


Flow Switch 


The magnetically coupled flow- 
indicating switch controls electrica! 
circuits for signalling flow or non- 
flow of liquids through pipe lines. 
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It is suitable for use with water 
and other liquids not injurious to 
brass or copper. Flow is sensed by 
a movable vane within the flow 
tube. Variation from desired rate 





of flow causes a magnet affixed to 
the movable vane to actuate the 
contacts of a mercury magnetic 
tube outside the flow tube. Two 
models of the switch are available, 
one which allows a maximum flow 
of 2.5 gpm through the flow tube 
and can be adjusted for flow sensi- 
tivity of 0.1 to 0.6-gpm, and one 
with an adjustment range of 0.25 
to 1 gpm and allowing a maximum 
flow of 4 gpm. This control unit 
can be used in lines of greater ca- 
pacity by installation of a by-pass 
and regulating valve arrangement. 
Made by Winterburn Mfg. Co., Put- 
nam, Conn. 
For more data circle MD-46, page 203 


Magnetic Brake-Motor 


This unit is said to be the first to 
use a magnetic brake in conjunc- 
tion with a hollow-shaft motor. 
This permits the motor’s shaft to 
extend entirely through the brake. 
The shaft passage is thereby kept 
open for rams or “punch out” rods, 
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which can pass entirely through 
the motor. Typical of set-ups using 
this unit is the one illustrated. It 
involves the lapping of three ports 
in a valve to a precise dimension. 
The operator first positions the 
valve in the fixture, locking it in 
place by activating the ram. The 
fixture, which is connected to the 
motor shaft, rotates with the valve 
when the motor is started. As the 
valve rotates, the operator laps the 
three ports simultaneously through 
the opening in the end of the fix- 
ture. The magnetic brake permits 
fast, automatic starting and stop- 
ping for the repeated insertion and 
removal of work. Additional uses 
for this self-contained unit include 
applications such as grinding, hon- 
ing, spinning and turning. Made 
by Reuland Electric Co., 3001 W. 
Mission Rd., Alhambra, Calif. 
For more data circle MD-47, page 203 


Hydraulic Cylinder 


Key type cylinder has a long 
Meehanite rod bearing which pro- 
vides a full one-to-one surface for 
extra wear. Chevron type pack- 
ing is replaceable, and the whole 
bearing insert is held by a locking 





snap ring at the rod end. Cast 
steel mounts are an integral unit 
combined with the head and rod 
caps of the cylinder. The head 
and mount combinations are easily 
disassembled by removing the in- 
ternal locking key ring which 
unites the head and cylinder wall. 
Cylinders have heavy wall tubing, 
chrome-plated rods, rod scraper 
and milled wrench flats on rods. 
Cylinder heads are locked in place 
in a counterbored section of the 
tubing wall at the ends of the cyl- 
inder. Pipe ports can be oriented 
at random, since the key type con- 





* struction permits 360-degree rota- 
tion of the ends. Sizes available 
are 1% through 8-in. bores with 
any stroke length up to 18 ft; all 
standard mounts are available from 
Carter Controls Inc., 2914 Bernice 
Rd., Lansing, Il. 


For more data circle MD-48, page 203 


Solenoid 


Replaceable coil of this 2000-size 
C-T solenoid can be changed in the 
field by removing two. spring 





clamps. Model 230 delivers 6.5 lb- 
in. per stroke, while No. 231 is 
rated 9.5 lb-in. per stroke. Both 
can be supplied for any voltage 
rating at 50 or 60 cycles. Field 
coil is moisture-proof and can be 
oil-proof, if desired. Double cotton 
braid lead wires are standard, with 
screw or solder type terminals 
available when specified. Frame 
and plunger are cadmium plated. 
Made by Dormeyer Industries, 
Dept. Z-1, 3418 N. Milwaukee Ave., 
Chicago 41, Ill. 


For more data circle MD-49, page 203 


Organic Metal Finish 


Nonfading and corrosion-resist- 
ant, a baked enamel organic finish 
can be applied to aluminum, brass, 
steel and zinc coils in widths from 
¥% to 30 in., 0.010 to 0.036-in. gage, 
in continuous lengths. The finish 
will not crack, chip or chalk even 
under abnormal] use or severe 
weather conditions, and it is not 
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affected by forming, drawing, 
bending or fabricating of the metal. 
Typical applications include tubing, 
clips, screw caps, buttons, switch 
plates, battery tops, lighting fix- 
tures, and electrical appliances. 
Surfaces can be plain or crimped. 
Available in standard colors of 
blue, brown, yellow, green, red, 
white, and black, as well as other 
special colors, from Apollo Metal 
Works, 66th Place and South Oak 
Park Ave., Chicago 38, II. 


For more data circle MD-50, page 203 


Induction Motors 


Type RS, dripproof, continuous- 
duty motors in frame size NEMA 
66 to 505 feature prelubricated, 
sealed ball bearings which require 
neither greasing nor cleaning for 
normal life. Rated at 1%%-hp at 
1800 rpm to 150 hp at 3600 rpm, 





the motors are two or three-phase 
and operate at all standard fre- 
quencies and commercial voltages 
below 600 v. Available for reg- 
ular, vertical, wall or ceiling mount- 
ing from the Lima Electric Mo- 
tor Co., Lima, O. 


For more data circle MD-51, page 203 


Adjustable-Speed Drive 


This magnetic amplifier speed 
control contains no tubes and is 
easily mounted and installed. Speed 
remains nearly constant as the load 
on the motor changes—even at the 
low speed of 50 rpm the speed does 
not drop off when load is applied, 
but holds practically constant to 
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loads of twice the rated motor 
torque. The drive operates proper- 
ly with supply voltages ranging 
from 200 to 250 volts with no sacri- 
fice in life; offers instant starting, 
high overload capacity, and proper 
operation over a wide ambient tem- 





Control enclosure 
can be mounted out of the way of 
the driven machine, and the oper- 
ator control station, containing the 
start-stop buttons and the speed 
control knob, can be mounted in 
any position convenient for the 


perature range. 


machine operator. Model E-1 in- 
cludes a standard 230 v de motor 
with a speed range from 49 to 2450 
rpm and is rated at 34-hp at max- 
imum speed. Developed by the 
Franklin Control Corp., 1975 South 
Allis St., Milwaukee 7, Wis. 


For more data circle MD-52, page 203 


Flow Control Valve 


Marketed under the tradename 
Anglomer, this valve controls flow 
of viscous liquids, such as paints, 
















crude oil, or waste liquids contain- 
ing quantities of dirt or sediment 
without its . passages becoming 
clogged. Accurate contro] of vary- 
ing amounts of flow is possible be- 
cause the spiral passage in the 











valve body allows adjustment of 
internal friction on the liquid being 
controlled, pressure on the primary 


side remaining constant. Valve is 
available in 114, 2, and 214-in. sizes. 
Manufactured by Anglo American 

Mill Co., Inc., Owensboro, Ky. . 


For more data circle MD-53, page 203 


Compact Spot Heater 


Instruments exposed to sub-zero 
temperatures can be kept function- 
ing by this small spot heater. The 
resistance element heater has a 
rating of 100 w—and operates on 
28 v de. Electrical connectors 
consist of double nut terminals 
with the negative terminal ground- 
ed to the case. Overall dimensions 
of the heater and the two closely 





spaced mounting holes permit con- 
centrated heating of flat surfaces 
as small as 1 x % inches. The unit 
has a maximum weight of 8 oz. 
Made by Westinghouse Electric 
Corp., Box 2099, Pittsburgh 30, Pa. 


For more data circle MD-54, page 203 


Laminated Fiber Recharge 


For use in full flow filtering of 
large quantities of oil, an expend- 
able, laminated fiber disk recharge 
has four to ten times the useful life 
of cellulose, waste or redwood. It 
is classed as an extended area re- 
charge because actual filtering area 
is greater than the area of its con- 
tainer. Disks remove foreign sol- 
ids smaller than 2 microns, and ab- 
sorption of these solids after 48 
hours of draining at 70 F is 2% 
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ee HERE! Available to designers and draftsmen 
for the first time! A handy, complete grouping of the 
most complete line of fittings on the market. Gen- 
uine Alemite Lubrication Fittings . . . highest quality 
fittings from the leader and pioneer in the field of 
lubrication! 

They’re here! Fully detailed. Easy-to-use, With 
every fitting illustrated actual size—complete with 
individual dimensions—ready for transfer to your own 
blueprints. No complicated cross reference charts or 
procedures are involved. 

Don’t delay! Important changes in fitting models 
and dimensions have been made. (Last year’s data 
sheets are no longer complete.) Act now. Send for 
your FREE copy of these newest, latest Alemite Fitting 
Data Sheets right away. Clip and mail coupon today! 
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times the weight of the recharge. 
Because no chemicals, bleaches or 
diatomaceous earths are used, the 
units will not remove vital addi- 
tives from detergent oils. Devel- 
oped by William W. Nugent & Co. 
Inc., 410-12 North Hermitage Ave., 
Chicago, III. 


For more data circle MD-55, page 203 


Jacketed Pipe and Fittings 


These welding fittings are avail- 
able in 1 to 12-in. sizes in standard 
weight, extra strong schedule 160, 
and double extra strong. Complete 


line consists of 90 and 45-degree 
elbows, tees and crosses. Made by 
Red Jacket Co. Inc., 510 Investment 
Bidg., Pittsburgh 22, Pa. 


For more data circle MD-56, page 203 


Pressure-Vacuum Control 


Improved type J6K sensitive dif- 
ferential pressure vacuum control 
has weatherproof and shock resist- 
ant features which make it suit- 
able for exposed or heavy duty 
applications. It can be made water- 
tight when specified. Switch con- 
trols the system differential up to 
90 psi on applications requiring a 


switch differential between 4 in. 
of water and 15 psi. Three switch 
actions are available, normally- 
open which closes on rising pres- 
sure or decreasing vacuum, normal- 
ly-closed which opens on rising 
pressure or decreasing vacuum, 
and double-throw with no neutral 
position. Made by United Electric 
Controls Co., 85 School St., Water- 
town 72, Mass. 
For more data circle MD-57, page 203 


Check Valve 


This valve has a valve seat 
formed of two hardened, ground 
and lapped steel pieces. Consisting 
of seven parts in all, the valve has 
only one moving part. Used with 
accumulators, it prevents reversal 
of the flow of air, oil, water or 
chemicals, providing control lines 
with a minimum of pressure drop 
and positive sealing against return 
flow. Pressure is not lost through 
the valve, and cracking pressure is 
5 lb or less at all pressures. Pro- 
duced in steel, as well as forged 
aluminum for aircraft, the valve 
can be made to withstand chemical 


reaction of materials being handled. 
Internal passage areas are in ex- 
cess of the pipe size being used. 
Available in aircraft and standard 
pipe sizes from Anco Inc., 1 Baker 
St., Providence, R. I. 


For more data circle MD-58, page 203 


Mechanical Coupling 


By unusual application of rub- 
ber bushings, this Flexoid Silent- 


bloc mechanical coupling will al- 
low parallel as well as angular mis- 
alignment up to 15 degrees with 
minimum shaft pressure on support 
bearings. It can be taken apart 
readily and eliminates lubrication, 


noise and lost motion. Coupling 
uses two flanges fitted with encased 
rubber bushings, with four connect- 
ing pins floating freely inside in- 
ner sleeve of bushing elements. 
Angular deflection between plates 
is provided for by twisting action 
in the rubber. Couplings are of- 
fered in sizes 4B, 6B and 8B with 
bores of 114, 15% and 2 7/16 in. and 
in ratings of 2, 4 and 8 hp per 100 
rpm, respectively. Made by Flex- 
oid Coupling Co., 1545 East 23rd 
St., Cleveland 14, O. 


For more data circle MD-59, page 203 


Nut Retainer 


Used with an external wrenching 
nut, this cadmium-plated steel re- 
tainer forms an anchor nut cap- 


able of resisting 160,000 psi min- 
imum tensile stress. Standard an- 
chor nut rivet hole spacing provides 
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Economy through Efficiency 


Gits Unit Seal proves itself in dependable performance over a wide 
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pressure applications. Operation at peak efficiency always means 


dollars-and-cents savings. 


Economy through Adaptability and Versatility 
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carried in stock. You harness the savings of mass production to your 
own specific needs. Gits Unit Seal already has wide application in 
the following fields: Washing Machines, Disposal Units, Gear Motors, 
Speed Reducers, Aircraft Turbine Pumps, Accessory Drive Units, Jet 
Propulsion Units, Electrical Power Equipment, Automotive Accessories, 


Business Machines, Standard and Special Machine Tools. 


Economy through Long Life 


Gits Unit Seal is designed for maximum life in any recommended 


application. Here's the real ‘proof of the pudding” in saving money. 


Write Today For FREE Illustrated Brochure, 
or send us your seal problem. Our experi- 


enced engineering staff is at your service. 


“Cartridge Seal . . requiring only 25% 


more space than lip-type seals. 


OF. Ke 5 Prete bere Goer 


1868 S. Kilbourn Avenue Chicago 23, Illinois 
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external wrenching nuts_ with 
thread sizes from 14-28 through 
1-14 from Nutt-Shel Co. Inc., 811 
Airway, Glendale 1, Calif. 


Po: more data circle MD-60, page 203 
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Check Valve 


For use with acids and other 
corrosives, these nonleaking stain- 
less stee] check valves employ Tef- 
lon O-rings and gaskets, utilizing 
the chemically inert properties of 
this material. Valves are supplied 








in various grades, depending on the 
required service, with male tube 
¥onnections from 4 to 1% in. or 
female pipe threads from 1% to 1 in. 
Pressure rating is 3000 psi and 
maximum flow is 40 gpm. Tests 
conducted by the company indicate 
perfect performance and “dead- 
tight” sealing from temperatures 
of —65 F to 550 F. Made by 
James-Pond-Clark, 2181 E. Foot- 
hill Blvd., Pasadena 8, Calif. 


For more data circle MD-61, page 203 


Filter Sheet 


Grade X porous stainless steel 
filter sheet material is available in 
the form of finished line filters. The 





material has a tensile strength of 
approximately 25,000 psi and is 
more ductile than previous material 
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of this type. Thickness tolerances 
are maintained to +0.002-in. 
Smooth surface sheet material is 
available from stock in 0.040-in. 
thickness, with a mean pore open- 
ing of 10 microns. Other thick- 
nesses ranging from 0.020 to 4%-in. 
can be supplied by Micro Metallic 
Corp., 35 Sea Cliff Ave., Glen Cove, 
N. Y. 


For more data circle MD-62, page 203 


Phenolic Terminal Blocks 


Designed for use in electronic and 
communications equipment, blocks 
are available with 40, 60, 80, or 
100 pretinned, double-notched ter- 
minals securely fastened between 
phenolic strips. The terminal as- 
sembly is fastened to a base of the 
same material. Phenolic construc- 
tion provides high _ dielectric 
strength. The metal mounting bar 
is tapped to facilitate installation. 
Made by Lenkurt Electric Co., 
County Road, San Carlos, Calif. 


For more data circle MD-63, page 203 


Double Pole Switch 


Developed for switching circuits 
having two different currents, phas- 
es or voltages, but which must be 





switched at the same time, this 
double-pole switch operates on the 
reaction principle. Because it can 
simultaneously break or reverse 
current flow through two windings 
of a three-phase motor, it can be 
used as a start-and-stop or limit 
switch on three-phase machinery. 


Made with eight terminals, the 
switch can operate up to four sép- 
arate circuits at one snap. Case 
dimensions are 1% x % x ¥%-in. 
and rating is 15 amp at 125/250 v 
ac and 10 amp at 30 v de. Simul- 
taneous switching actions permit 
all four contacts to be wired for 
use as a single-pole switch on high 
voltage direct current circuits (110 
v dc) up to20 amp. Made by Elec- 
tro-Snap Switch & Mfg. Co., 4220 
West Lake St., Chicago 24, Ill. 


For more data circle MD-64, page 203 


Fractional-Hp Motor 


Model 5000 motor is designed for 
fan duty in air conditioners, win- 
dow fans and similar applications. 
It is a six-pole shaded-pole unit 
with drawn steel housing and self- 
aligning bearings. Offered as a 





two-speed or single-speed motor, it 
is available with or without rubber 
mounts and resilient base, and 
overload protection. Speeds of 
1050 rpm with lower second speed 
of approximately 800 rpm are 
standard. Horsepower ratings of- 
fered are 1/15, 1/12, 1/10 and 1/8. 
Made by the Electric Motor Corp., 
Div. of Howard Industries, Inc., 


Racine, Wis. 
For more data circle MD-65, page 203 


Fiber-Bonded Fabric 


Dynel Windsor felt is a chem- 
ically resistant filter fabric for use 
in filter press or vacuum filter ap- 
plications for efficient cake forma- 
tion or clarity of filtrate. It is mul- 
tiple-ply card-constructed for uni- 
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Facts about 
HELI-COIL inserts 
you should know 





W hat they are 

Heli-Coil* screw thread inserts are pre- 
cision formed coils of stainless steel or 
phosphor bronze wire. Wound int> tapped 
holes, they form permanent, non-corrosive, 
strip-proof threads of astonishing strength. 
Available for National Coarse, National 
Fine and Unified threads, pipe threads 
and spark plug threads. They are made 
in all standard sizes and lengths for assem- 
blies requiring Class 3, 3B, 2 or 2B fits. 


W hat they are for 

AS ORIGINAL COMPONENTS: Heli- 
Coil inserts are used to provide stronger, 
lighter fastenings, corrosion-proof, wear- 
proof threads in all assemblies. 


FOR PRODUCTION SALVAGE: 
When conventional tapped holes are dam- 
aged in production, restore them on the 
line with Heli-Coil inserts. Get better- 
than-original strength with no increase in 
screw size and no tell-tale signs of rework. 


FOR SPEEDY REPAIRS: When tapped 
threads wear, strip or corrode in service, 
renew them in minutes on location in 
shop or field with Heli-Coil inserts. No 
welding—no plugging—no secondary 
machining —no oversize screws. 


How they work 

Holes are drilled and tapped as you do for 
ordinary threads—then Heli-Coil inserts 
are wound into tapped holes by hand or 
power tools. Install in a few seconds, as- 
sure thread protection forever. Can be 
used in any metal wood or plastic. 


No other method is so simple, 
effective and practical. 


W hat they do for you 


Heli-Coil inserts save money because they 
strengthen threads and make fewer smaller 
fastenings do the same holding job. They 
make lighter bosses and flanges practical 
and they save weight in two ways: (1) by 
permitting use of cap screws, instead of 
bolts and nuts; (2) by allowing use of 
smaller, shorter, fewer cap screws. Heli- 
Coil inserts protect your product from 
thread wear, galling and stripping for 
life in every kind of metal, in plastics or 
wood. They preserve customer good-will 
by preventing product failure, due to 
thread fault. Heli-Coil inserts improve 
the end product, cut rejects, salvage 
threading errors. 


Best time to put Heli-Coil inserts benefits 
to your use is right at the designing board, 
as many leading manufacturers are doing. 
But to convince you of their many advan- 
tages ask for a working demonstration 
tight on your production line. Write to- 
day! Complete information and engi- 
weering data is available in the Heli-Coil 
catalog. Use Coupon! 


*Reg. U.S. Pat. Off. 


Approved for All Military 
and Industrial Uses 


Advertisement 
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How to 
save 


headaches 
in fastenings 





Lend an ear to the many successes 
with tapped threads where stripping, 
wear, cross-threading and corrosion 
used to occur. 








Open your eyes to the surest way to 
end thread problems forever—Helli- 
Coil* Screw Thread Inserts. This 
armored protection is simple to add 
—costs little—never fails. 








Tell us about your products and we 
will show you how to add lasting 
protection against thread 
problems right on your 
production lines. 








HUY: LUM inserts are precision 


formed stainless steel or phosphor bronze wire coils 
that add strength to screw threads in any material — 
especially in light metals and plastics. The result —an 
improved product — usually at reduced producticn cost. 


Write now for FREE samples and complete 
technical data. 


\e 

















G2 om a ae 6 OP 6 6 SO ee ae a a a a eee 
; HELI-COIL CORPORATION | 
i 128 SHELTER ROCK LANE, DANBURY, CONN. I 
i ® () Send Free samples and Handbook No. 652. a complete design ! 
| manual. i 
! ( Send Free samples and put my name on list to receive “Heli-Call,” I 
I case history periodcal. { 
i 
| NAME a : 
COMPANY. 
| ADDRESS. I 
i 
CITY. ZONE___STATE__ @ aor g 
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New Parts and Materials 





form fiber distribution. The felt is 
stable to bacteria such as mold or 
fungi and is highly resistant to acid 
or alkaline solutions. Made by 
American Felt Co., Glenville, Conn. 


For more data circle MD-66, page 203 


Diesel Engine 


Two-cylinder Model AC-2 diesel 
has a four-stroke cycle and is air- 
cooled with integral flywheel. It is 
rated 13 hp at continuous load, 14 
hp intermittent load. The engine 


has a 3%-in. bore and 3%-in. 
stroke, 36.07 cu. in. displacement 
per cylinder and 20 to 1 compres- 
sion ratio. Produced by Hallett 
Mfg. Co., Inglewood, Calif. 


For more data circle MD-67, page 203 


Speed Monitor 


In addition to providing accurate 
indication and control of speed, 
this monitor will actuate relays and 
solenoids governing various func- 
tions. It operates on mechanical 
tachometer principle; is unaffected 
by heat, temperature and moisture 


variables; and is driven by flexible 
shaft and gears from any machine 
shaft. The unit operates on 115-v 
60-cycle single-phase ac and can 
also be supplied for 35 or 70-v dc. 
Suggested relay and solenoid appli- 
cations include gear shifting, oper- 
ating clutches, visual or audible sig- 
nalling, temperature, overload and 
motor-actuated remote valve con- 
trol. Made by Jones Motrola Corp., 
Stamford, Conn. 
For more data circle MD-63, page 203 


Teflon Sheets 


Super-smooth Teflon sheets pos- 
sessing high tensile strength and 
measuring approximately 29 by 29 
in. are available in any thickness 
from 0.050 to 2 in. Applications in- 
clude gaskets, valve seats, dia- 
phragms, and other parts requiring 
high density and low porosity. 
Stress-relieved sheets are also 
available for applications where 
high dimensional stability is re- 
quired, particularly at high tem- 
peratures. Available from Ethylene 
Chemical Corp., Summit, N. J. 


For more data circle MD-69, page 203 


Roller Chain Sprockets 


By using different sizes of 
tapered split bushings or split hubs, 
Grip-Master roller chain sprockets 


N 


eliminate need for boring and sim- 
plify changes. Positive press fits 
are assured. Sprockets are fur- 
nished in tapered split bushing and 
split hub types to meet most re- 
quirements. T’.zy are completely 


packaged with mounting instruc- 
tions. Made by Cullman Wheel Co.., 
1344 Altgeld St., Chicago, Ill. 


For more data circle MD-70, page 203 


Limit Switch 


Designed for use in explosive gas 
or vapor-air atmosphere, this ex- 
plosion-proof, heavy-duty precision 
switch is listed by Underwriters’ 





Laboratories as suitable for hazard- 
ous locations of Class I, Group C 
and D. The operating head may 
be adjusted to any of four horizon- 
tal positions, and the roller arm 
assembly may be reversed to posi- 
tion the actuator roller on either 
side of the actuator arm. The 
roller arm operates clockwise and/ 
or counterclockwise. The actuator 
arm assembly is adjustable through 
360 degrees to any of 870 positive 
lock positions at 0.4-degree inter- 
vals. Including the adjustable 
head, the switch case measures 6 
in. high, 2% in. wide and 1 61/64 
in. deep. A %-in. thick porous 
bronze plate fits over the enclosure 
opening to vent the basic switch 
cavity, at the same time prevent- 
ing any great pressure build-up in 
the cavity due to the ignition of 
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Advertisement T 
Weather Proof Motors | FAST FAS 
nd FAST FAST 
0o.. for Continuous Outdoor | 
Duty On | SMOOTHLY 
C ~ 5 ft . 
hicago Sewage Equipment | OTH 
Chicago Pump Company, manufac- 
turers of Sewage Treatment Equip- 
as ment, use Star-Kimble weather proof 
3 gearmotors exclusively on COMMINU- 
ex- TORS. These units are usually installed 
ion outdoors without weather protection 
rs’ and must provide continuous opera- 


tion in all weather conditions. More 
than 2500 COMMINUTORS with Star- 
Kimble gearmotors are installed in 
Sewage Treatment Plants throughout 
the world. The unfailing operation of 
the COMMINUTOR is essential to the 
successful operation of the Sewage 
Treatment Plant. 


SA\NP 


aye ) 


meen’ REVEROE reer 
mse! HOLD poser 


ae i i - . a 
cir tenner comnures ext With Star-Kimble Brakemotors 
with Star-Kimble motor with special full weather | 


proof construction. 








Motor and connected load come to a split-second stop—because of the 
Chicago Fire Pump extra-large brakelining area of a Star-Kimble Brakemotor. 


Another Chicago Pump Company ap- Motor starts smoothly—without drag—because small air gap assures 





d- plication of Star-Kimble motors is | instantaneous brake release. 
C for Fire Booster Pump service. These 
pumps provide water pressure for | No plugging needed for rapid, repeated reversals. Frequency of reversals 
ay sprinkler systems and standpipes. Chi- : y : 
n- cago Fire Pumps are driven by Star- can often be tripled, compared with conventional plugging methods. 
Kimble open drip proof protected mo- | a : " 
m tors, sented rhs 40 a 100 horse- And loads are held positively by the brake that holds its grip through 
al _ millions of cycles—with little or no adjustment. 









er 
he Every Star-Kimble Brakemotor is an integral, space-saving unit with a 
i sturdy shaft that's common to motor and brake. Bearinas and brake- 
4 linings last longer. One manufacturer—one responsibility 

” For information on design and service features 

r- write for Bulletin B-501-A 

le 


AR-KIMBLE 


MOTOR DIVISION OF 
EHLE PRINTING PRESS AND MFG. CO. 







Chicago Fire Pump, driven by Star-Kimble 40 H.P. 
squirrel cage motor. 












01 Bloomfield Avenue Bloomfield, New Jersey 
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any explosive atmosphere present. 
The path through the plate also 
serves to extinguish the flame and 
cool the hot gases below the igni- 
tion point of the surrounding explo- 
sive atmosphere. Listed for 20 
amp, 110, 220 or 440 v ac; % amp, 
115 v de; % amp, 230 v de; 34-hp, 
110 v ac; 1% hp, 220 v ac. Pilot 
duty rating is 125 v ac; 6 amp nor- 
mal, 60 amp inrush; 250 v ac; 3 
amp normal, 30 amp inrush; 480 v 
ac, 1.5 amp normal, 15 amp inrush; 
600 v ac, 1.2 amp normal, 12 amp 
inrush. Made by Micro Div., Min- 
neapolis-Honeywell Regulator Co., 
Freeport, Ill. 


For more data circle MD-71, page 203 


Snap Action Thermostat 


In type F Space Saver thermo- 
stat, expansion and contraction of 
stable liquid in bulb actuates con- 
tact mechanism by transmitting 
motion to expansible diaphragm 
through capillary tube. This mo- 
tion is multiplied to obtain very 
close temperature control. Contact 
mechanism is single-pole, double- 


a 





break, snap-action type with silver 
contacts rated 22 amp at 120 and 
240-v ac, noninductive load. Four 
available units cover 40 to 550 F 
range. In type F-1, normally-open 
contacts close on temperature rise, 
while in type F-2, normally-closed 
contacts open on temperature rise. 
Controls can be used with any 
standard dial or pointer having ,- 
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in. diameter shaft hole. Made by 
Wilcolator Co., Elizabeth, N. J. 


For more data circle MD-72, page 203 


Hydraulic Valve 


Four-way valve has ball detents 
to hold the valve piston in any giv- 
en position. Locking action of the 
detent permits vertical as well as 
horizontal mounting of the valve 
and prevents movement of the 
valve piston due to vibration. Valve 





is available with one, two or three 
detents for holding the piston in 
center position, in either end posi- 
tion, or in both end and center po- 
sitions. Designed for 1500 psi pres- 
sure, the valves are offered for 
threaded stem, lever, and knob op- 
eration; in 44, %, %, %4, 1, 1%, and 
144-in. sizes and in five piston de- 
signs to meet requirements of any 
hydraulic circuit. Floating piston 
construction assures close fit of 
valve piston in valve bore; fit is 
independent of the fit of the valve 
stem in the valve covers. Valve 
stem is supported in its bearings 
in the valve covers without any in- 
fluence on the piston fit in the valve 
body. Made by Rivett Lathe & 
Grinder, Inc., Brighton 35, Boston, 
Mass. 
For more data circle MD-73, page 203 


Gasket Stripping 


Fluorlastic gaskets consist of 
long strips of foamed silicone rub- 
ber wrapped in sheets of Teflon. 
Edges of the Teflon extend later- 
ally beyond one side of the silicone 
core and are heat-sealed to form 
an impenetrable envelope around 


the resilient core material. The re- 
sulting gasket, which resembles 
weather stripping, is intended for 
use in chemical, pharmaceutical, 
and aircraft industries. Properties 
are unaffected by temperatures 
ranging from —130 to 392 F. Made 
by Joclin Mfg. Co., 2964 Whitney 
Ave., Hamden, Conn. 
For more data circle MD-74, page 203 


Industrial Engine 


Six-cylinder Model 855 operates 
on gasoline of various octane rat- 
ings or on such LPG fuels as bu- 
tane and propane. It has a 5%-in. 
bore, 6-in. stroke, and a displace- 
ment of 855 cu in. Operating on 
regular gasoline, the engine devel- 
ops a rated gross horsepower of 
265 with a net rating of 240 at 
2400 rpm, and a maximum torque 
of 680 lb-ft at 1400 rpm. Using 
LPG, it develops 295 rated gross 
horsepower and 276 net at 2400 
rpm, with maximum torque at 775 
lb-ft at 1200 rpm. The cylinder 


head has a “figure 8” combustion 
chamber and _ swirl-type intake 
ports. Compression ratios are 6 to 
1 on the gasoline engines and 9 to 
1 on the LPG models. Developed 
by Hall-Scott Motor Div., ACF- 
Brill Motors Co., Berkeley, Calif. 


For more data circle MD-75, page 203 


Roller Bearings 


Specially designed for slow mov- 
ing machinery, line of precision 
cage type roller bearings is suit- 
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Competition closing in on you? 


Yes! On you yourself—though the papers 
are bulging with ‘‘Engineers Wanted’”’ ads. 


so tell management NOW about 


"COMPO" and 'POWDIRON’ bearings 





(porous bronze) (sintered iron) 


Point out how little they cost to buy—and install. 


How they simplify your whole product design. 
How they run quietly for years—without any attention at all. 


You'll forestall competition for your company—and competition for your job! 


You'll find all the facts you need to convince yourself—and your manage- 
ment too—in our bulletins on advantages, applications, installation of 
these oil-retaining bearings made by Bound Brook 
powder metallurgy. If you don't have copies of 
these bulletins, just drop us a line. 


Buy Bound Brook 
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Bound Brook, N. J. 
MANUFACTURERS OF BEARINGS AND PARTS © ESTABLISHED 1883 














HOW COME? 
Your industry may already be in a tough competitive 


market—and some day it certainly will be. 


Management will be looking to you for designs that 


cut costs and build sales too. 





OIL-LESS BEARING COMPANY 


Bound Brook 9-0441 
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able for most types of farm ma- 
chinery, conveyors, farm wagons, 
wheel toys, material handling 
equipment. Bearings are statisti- 
cally controlled for quality and pre- 
cision in production, hydraulically 
inspected for uniform stress and 


S 
®% 


individually inspected for ID and 
OD specifications. A standard size 
range and custom models are being 
produced. Made by Inland Auto- 
matic, Inc., Dept. B-104, 1108 Jack- 
son St., Omaha 8, Neb. 


For more data circle MD-76, page 203 


Centrifugal Pump 


The Chempump is totally closed 
from the atmosphere, sealless and 
leakproof. It is available in vari- 
ous materials and is used to handle 


corrosive, radioactive, and highly 
volatile fluids and for processes em- 
ploying vacuum. Basic principle of 
the Chempump permits the fluid be- 
ing pumped to enter part of the mo- 


220 


tor. The stator and its windings 
are isolated from the fluid by a cor- 
rosion-resistant, non-magnetic alloy 
cylinder in the air gap. The rotor 
is hermetically sealed with the 
same alloy. Made by Chempump 
Corp., 1300 East Mermaid Lane, 
Philadelphia 18, Pa. 


For more data circle MD-77, page 203 


Industrial Wheel 


Model MB has a replaceable tire 
which is bonded to a steel inner 
band. Tread does not slip, stretch 
or creep under heavy loads. The 
wheel’s one-piece hub has a retain- 
ing ridge that locks the entire as- 
sembly to the wheel disks, prevent- 
ing shifting under side thrust. Load 


rating is 400 or 500 lb, depending 
on size. Manufactured in 6 and 8- 
in. sizes with a 1% in. width tread 
in either cushion-rubber or Neo- 
prene by Rapids-Standard Co., Inc., 
342 Rapistan Bldg., Dept. MB, 
Grand Rapids 2, Mich. 


For more data circle MD-78, page 203 


Miniature Connectors 


Compact, lightweight multiple 
contact precision connectors are for 
use in both military and civilian in- 
dustry, such as aircraft, electronic 
instruments, telemetering, comput- 
ors, audio and similar applications. 
Also for portable airborne rack to 
panel and cable to panel applica- 
tions. Available with from one to 
100 contacts. Contacts are gold 
plated over silver for maximum 


conductivity and corrosion resist- 
ance. “Floating” contact design 
facilitates engaging and disengag- 
ing. Connector bodies are made of 
molded melamine with raised bar- 
riers, which provide high resistance 
to arcing and heat. Connectors are 
available with 14, 18, 20, 21, 34, 41 
and 50 contacts from Gorn Elec- 
tronics Div., Gorn Electric Co., 895 
Main St., Stamford, Conn. 


For more data circle MD-79, page 203 


Hydraulic Gear Pump 


Added to line of hydraulic pumps 
is this HB series gear type unit in 
three sizes with capacities ranging 
from 1.8 to 2.9 gpm at 1800 rpm 


and 1000 psi. An internal relief 
valve is optional and is adjustable 
for pressure between 500 and 1200 
psi. Type HBP model is designed 
for face or wet sump mounting, 
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- its 
KOPPERS 
MC-305 


MC-305 is the easiest to mold of Kop- 
pers “high impact” series of Modified 
Polystyrenes. It has been used in such 
large area moldings as refrigerator door 
liners, air conditioning housings, and 
television masks and tube protectors. 

MC-305’s high resistance to shock 
and impact minimizes danger of dam- 
age to molded sections during ordinary 
production line handling as well as 
during actual use. Its shock resistant 





qualities also make MC-305 an excel- 
lent material for toys and novelties. 

Possibly you have a product that can 
be made better or faster or less expen- 
sively with Koppers Modified Poly- 
styrene. To help you choose the right 
Koppers material for your particular 
job, we have prepared a new technical 
bulletin detailing the properties of 
Koppers Modified Polystyrenes. Write 
today for your free copy. 


J 


Type 3 
Type 7 
Type 8 
MC-185 
MC-301 


MC-305 
MC-309 


MC-401 


MC-405 


MC-409 


dings 


Here’s another new modified polystyrene 


off 


=ft$S . 
shock ¢ resistant ine for 
a RN large mol 








KOPPERS 


POLYSTYRENES 


General Purpose 
Polystyrene 

Improved Heat 
Distortion Temperature 
Highest Heat Distortion 
Temperature 

High Impact, Lowest 
Water Absorption Rate 
High Impact, Improved 
Heat Distortion 
Temperature 

High Impact, Easy Flow 
High Impact, Highest 
Heat Distortion 
Temperature 

Medium Impact, 
Improved Heat 
Distortion Temperature 
Medium Impact, 

Easy Flow 

Medium Impact, Highest 
Heat Distortion 
Temperature 


Koppers Plastics Make Many Products Better and Many Better Products Possible. 


te 
KOPPERS 


WwW 
® 


KOPPERS COMPANY, INC., Chemical Division, Dept. 
BOSTON ° 


SALES OFFICES: NEW YORK « 
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and type HBS is sealed unit recom- 
mended for direct, gear or belt 
drives. Either pipe tap or mani- 
fold porting is available. Applica- 
tions include industrial trucks and 
power steering systems, tractor 
loaders, machine tools and con- 
struction machinery. Made by Oil 
Hydraulics Div., Webster Electric 
Co., 1900 Clark St., Racine, Wis. 


For more data circle MD-80, page 203 


Air-Hydraulic Controls 


Utilizing same hand, cam, pilot 
or foot actuating devices as em- 
ployed in previously announced ¥ 
and 14-in. NPT sizes, larger % and 
'%-in. NPT pneumatic and hydrau- 
lic valves are offered in two, three 
Readily dis- 


and four-way types. 










assembled for servicing with screw- 
driver without disturbing connec- 
tions, controls feature nonextrud- 
ing O-ring seals, balanced-pressure 
spools, and full-flow design. Pres- 
sure range is up to 200 psi. Made 
by Versa Products Co. Inc., 249 
Scholes St., Brooklyn, N. Y. 


For more data circle MD-S1, page 203 


Impeller Pump 


A bronze-impeller, positive-dis- 
placement pump handles light or 
heavy oils and greases. Maximum 
capacity is 10 gpm. Two axially 
oscillating impellers deliver contin- 
uous, nonsurging flow without 
foaming or air entrainment. The 
precision machined and sintered 
bronze powder-metal impellers of 
the pump act like oilless bearings 
operating in a lubricating medium, 
in that they absorb and retain oils, 
minimizing the dangers of heat 
seizures and scorched impellers. 
The pump is self-priming in low 
temperatures, is suitable for oper- 
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ating oil temperatures up to 500 F. 
It operates submerged and will 
pump in either direction and in any 
position. Eco Engineering Co., 
Newark, N. J. 

For more data circle MD-82, page 203 


Cap and Plug Fittings 


The cap, left below, is used for 
capping end of tube; the plug, 
right below, is used for plugging 
unused ports of Swagelock fittings. 
Both come completely assembled 
and require only 114 turns to pro- 
vide a torque-free, leakproof seal. 
Caps and plugs are available in 
various sizes from \%-in. up in 
aluminum, steel, stainless 


brass, 





steel and Monel, from Crawford 
Fitting Co., 884 East 140th St., 
Cleveland 10, O. 


For more data circle MD-83, page 263 


Variable Speed Control 


Electronic servospeed system 
controls speed of series or univer- 
sal motors and fractional and sub- 
fractional horsepower motors. A 
speed range of as much as 100 to 1 
is achieved with motors having a 








base speed of 5000 rpm or higher. 
Three wire motors may be con- 
trolled for one direction of rotation, 
and four wire motors may be op- 
erated in either direction by use of 
a small reverse switch. An elec- 
tronic servo circuit provides 
smooth, stepless speed control and 
employs a composite torque-speed 
*-edback signal. Motors are avail- 


able in straight motor and gearmo- 
tor types from 1/100 to 1/10-hp for 
operation on 115-v, 50-60 cycle 
lines; 220 v models are available 
up to %-hp. 


Models are made 










without cabinets for incorporation 
into machines or with cabinets for 
bench or wall mounting, by Servo- 
speed Div., Electro-Devices Inc., 
4-6 Godwin Ave., Paterson, N. J. 


For more data circle MD-84, page 203 


Seals 


Available in shaft sizes ranging 
from 4 to 2% in., thin rind seals 
for Torrington needle bearings fit 
the same bore as the bearing itself, 
eliminating a counterbore in the 
bearing housing. The seals, made 
from Goodyear Hycar rubber, in- 
sure proper lubrication of the bear- 
ings and resist the deteriorating ef- 
fects of oils, greases and high- 
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wate] Eraremnagys 


You’re looking behind the scenes at the American Loco- 
motive Company, Ordnance Division, Schenectady, New 
York. 

The prints you see streaming from the processing ma- 
chine are positive photographic reproductions of M47 tank 
drawings. They're produced without a negative step... 
and under ordinary room light. 

This fast, low-cost operation enables the Ordnance Divi- 
sion to protect thousands of M47 drawings against expen- 
sive wear and tear. For the drawings are filed away after 
the Autopositives are made. Then, because the engineering 
department of the Ordnance Division holds the design con- 
tract for the M47, these highly legible and durable inter- 
mediates are used to produce all the quantity prints 
required by the 29 manufacturers and government agencies 
involved in the distribution of engineering changes on the 
M47 tank. 


These Kodagraph Autopositive Intermediates 






Lever ruars 


These Kodagraph Autopositive intermediates, used in place 
of the valuable original drawings, produce sharp, legible 
blueprints or direct-process prints time after time. Their 
dense photographic black lines—on an evenly translucent 
paper base—will not smear or lose density . . . which sim- 
plifies print production and eliminates reading errors and 
bottlenecks all along the line. And another important point 
—Autopositives are photo-lasting in the files... will not turn 
yellow or become brittle. 

Advantages which you will appreciate, too, in your own 
operations. And, remember, this is only part of the Auto- 
positive story! 


[<odagraph /\utepesitive Raper 


“‘THE BIG NEW PLUS” in engineering drawing reproduction 


Learn how you, or your 
local blueprinter, can process 
this unique photographic 
intermediate paper at low 
cost... with existing equip- 
ment; how it is used to 








EASTMAN KODAK COMPANY 
Industrial Photographic Division, Rochester 4, New York 


Gentlemen: Please send me a copy of “New Short Cuts and Savings”. . . describing 
the many savings Kodagraph Autopositive Paper is bringing to industry. 


Position 





reclaim drawings . . . speed 
design changes in thousands 








of drafting rooms. 
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two handy 
packages-- 
these 


GAST 


rotary-vane 


INTEGRAL-MOTOR 
AIR PUMPS 






















Standord Model 
0210, 4% H.P., 1.3 
C.F.M. to 25 P.S.1. 
or 27” vacuum. 
Oil-less Model, to 
10 P.S.l. of 15” 


vocuum. 














Model 0320, Vs 
H.P., 2.5 C.F.M, 
to 25 P.S.I. or 28” 


vocuum, 





You can solve many an air-pump re- 
quirement—vacuum or pressure—with 
one of these “handy packages.” For 
Gast integral-motor Air Pumps are 
widely used as original equipment by 
engineers who require smooth, de- 
pendable performance in a compact, 
space-saving unit. 

Pump rotor is mounted on motor shaft, 
and motor frame provides a rigid 
mounting for pump housing. 

The smaller Model 0210, a highly pop- 
ular unit, supplies vacuum for engraver's 
printing frames, feeding devices, lab- 
oratory use, etc., in either lubricated 
or oil-less models. 

For vacuum to 28” in low volume ap- 
plications, Model 0320 is used for 
production line testing for leaks, for 
punch press feeding devices, etc. There 
are scores of uses for these “packaged” 


integral-motor pumps. sniieetatiate 















Write for Catalog and 
Application-ideas Booklet! 







PRODUCT 
DESIGN 
FILE 


o write for copy 


Original Equipment Manufacturers 
for Over 25 Years 


New Parts and Materials 








speed abrasion. They also have 
good permanent Set or distortion 
resistance. Seals are precision- 
molded to the same sizes as the 
bearings, with close tolerances of 
+0.002-in. OD to + 0.005-in. ID. 
Made by Albert Trostel Packings 
Ltd., Lake Geneva, Wis. 


For more data circle MD-85, page 203 


Magnetic Starters 


Neither conventional size 2 nor 
size 3, these intermediate controls 
have a capacity between the two 
sizes and are designated size 21% 
by the manufacturer. The controls, 
which include reversing types, are 





rated 20 hp at 208-220 v, 30 hp at 
440-550 v ac polyphase. Some are 
available with built-in pushbuttons 
or selector switch. Made by Fur- 
nas Electric Co., 1045 McKee S&t., 
Batavia, IIl. 


For more data circle MD-86, page 203 


Variable-Speed Drive 













with a right-angle hook-up for such 
applications as conveyor belts, Full 
speed range is selected by turning 
control handle through an arc of 
300 degrees. Because the variable- 
speed transmission is of the V-belt 
type, speed changes as small as 1 
rpm can be effected while the mo- 
tor is operating. Construction fea- 
tures include automatic drive belt 
tensioner, asbestos protected wind- 
ings and normalized castings. Made 
by U. S. Electrical Motors Inc., 
P. O. Box 2058, Terminal Annex, 
Los Angeles 54, Calif. 


For more data circle MD-87, page 203 


Hose Lines 


Globe-Seal lines can be connected 
to Ermeto and Ferulok type flare- 
less tube systems, to which they 
mate without ferrules or inserts. 









The lines, however, have detach- 
able, reusable fittings. Assembling 


the fitting to flexible hose can be 
accomplished with ordinary hand 
tools. Hose line is available in 
both single and double wire braid 


Offered in 44, 43, % and %-hp 
sizes with speed variations up to 
10 to 1, type VA-GW Varidrive- 
Syncrogear has low variable speeds 


GST pom 


AIR MOTORS - COMPRESSORS - VACUUM PUMPS 


(TO THREE WP.) (10 30 185.) (TO 28 INCHES) | 
GAST MANUFACTURING CORP, 10. Hinkley St., Benton Harbor, Mick, 
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It’s the Test by Fire 
for High Alloy Steel 


A jet engine on a test stand represents the kind of metal-killiag service 
that no steel could stand until A-L pioneered in suitable high-temperature 
alloys. Then, and only then, came aircraft superchargers, jet and rocket 
engines, gas turbines, etc. @ You may have a problem of corrosion or 
heat resistance—of strength with light weight—or of special electrical 
requirements. The right special alloy steel can solve it, and we're the 
people to see. Allegheny Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 


PIONEERING on the Horizons of Steel 


Alle hen Lud lum ni pRopis 
4iGH-atoy ste 








SELF-LUBRICATING 


BUSHINGS 
Bact 


+ a 
e S 
P-) 

co 2 


4 S 


Widely Used Where Ordinary 
Oil Lubrication Is 
Impractical or Impossible. 


EXCELLENT DURABILITY © CONSTANT 
CO-EFFICIENT OF FRICTION © APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
souipiries on cansonizes © OPERATE DRY, OR AT 
HIGH SPEEDS SUBMERGED IN WATER, 
GASOLINE AND OTHER LIQUIDS © EXCEI- 
LENT FOR CURRENT-CARRYING BEARINGS 
GRAPHALLOY materials are also in wide use for oil- 


free, self-lubricating piston rings, seal rings, thrust 
washers, friction discs, pump vanes etc. 


OTHER GRAPHALLOY BRUSHES 


PRODUCTS 


For applications requiring low 
electrical noise, low and con- 
stant contact drop, high current 
density and minimum wear. 
Used for SELSYNS, DYNA- 
MOTORS, SYNCHROS, ROTA- 
TING STRAIN GAGE pick-ups 
and many other applications. 


Brush Holders and Coin Silver q Pe 
Slip Rings also available. 


GRAPHITE METALLIZING CORPORATION 


1045 NEPPERHAN AVENUE * YONKERS, NEW YORK 
a Please send dota on Graphelloy Oil-Free BUSHINGS. 
Cc] Send dete on BRUSHES and CONTACTS. 


CONTACTS 


NAME & TITLE 


COMPANY 





STREET 





| New Parts and Materials 





types from Aeroquip Corp., Jack- 
son, Mich. 
For more data circle MD-88, page 203 


Air-Actuated Clutches 


Developed from previous models, 
the PO air-actuated clutches have 
a higher torque capacity, and are 
narrower and lighter. The new de- 
sign permits units to be installed in 


less shaft space, with closer shaft- 
bearing center distances. Air ac- 
tuation is effected through insulat- 
ed and air-cooled diaphragms. All 
parts are fabricated from specially 
developed alloys, for maximum 
strength to withstand heavy load 
shocks and tooth wear. Made by 
Twin Disc Clutch Co., Racine, Wis. 


For more data circle MD-89, page 203 


Conduit Fitting 


This liquid-tight fitting mates 
with any conduit spiral and is in- 
stalled without being disassembled. 
Made in straight, 90 and 45-degree 
elbow designs, it accommodates 
conduit from % to 2 in. trade size. 
A color-coded plastic seal in the 
gland indicates size of fitting and 
the fact that it is a liquid-tight 
type. Raceway is properly ground- 





| ed when colored seal is visible after 


installation of the fitting. Fitting 
body in three smallest sizes, is die 
cast from a high-strength zinc al- 
loy; other four sizes are of malle- 
able iron. The conical ground con- 
nection is wedged inside the con- 
duit, and the gland is tightened 
around the conduit to complete the 
joint. Made by Thomas & Betts 
Co., Elizabeth, N. J. 


For more data circle MD-90, page 203 


Ball Screwjack 


Utilizing physical principles of 
screw expansion and the near-fric- 
tionless spacer ball, coupled with 
tolerances up to 0.0004-in. in the 
ball bearing races, this screwjack 
is made with a mating nut and 
screw having helical ball races pre- 
cision ground to highly accurate 
tolerances. The ball circuit is 


closed with a return tube which is 
attached to the nut, allowing the 
ball bearings to circulate freely 
and resulting in the transmission of 
rotary motion to linear motion with 
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New Parts and Materials | 





a small friction loss. Available in 
sizes from % to 4 in. diameter, up 
to 22 ft long from Vard Ince., Pasa- 
dena, Calif. 


For more data circle MD-91, page 203 





Synchronous Timing Motor 


Oil retaining disks which trap oil 
at bearing surfaces for leakproof 
operation are feature of series 50 
synchronous timing motor with 
torque rating of 40 oz-in. at 1 rpm. 
Other advantages include cut gears 
and pinions throughout, polished 
spindles; 50 per cent more bearing 
surface than previous models, and 
positive positioning and locking of 
stator and rotor assemblies. Mo- 
tors are available in unidirectional 
or reversible models in wide variety 





of output speeds from 1/6 to 1800 
rpm and for operating voltages 
from 6 to 550 v ac. Made by Ha- 
gen Mfg. Co., 202 Twentieth St., 
Moline, Ill. 


For more data circle MD-92, page 203 


Needle Valve 


This all-steel valve is designed 
for working pressures up to 10,000 
Psi. Body and valve stem guide 
are machined from heavy bar stock 
Steel and are joined by the Cono- 
Weld process. This integral unit 
provides a positive leakproof joint 
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and eliminates the danger of the 
valve stem guide becoming loose 
while unscrewing the valve stem. 
Deep chambered threads are ma- 
chined to extra long length, per- 
mitting even undersized pipe 
threads to make up tightly. Valve 
stem of 416 stainless steel with fine 
pitch threads permits close throt- 
tling while retaining the strength 
necessary to withstand twice the 
normal working pressure. Marpak 
packing is used; valve body, pack- 
ing gland and packing nut are elec- 
tro zinc plated to prevent corro- 
sion; cross type handle is of mal- 
leable iron finished in heavy baked 
enamel. Developed by Jas. P. Marsh 
Corp., Skokie, Ill. 


For more data circle MD-93, page 203 


Beryllium Copper Strip 


Alloys such as No. 10, 25 and | 


165 are now supplied in strip up 
to 8 in. wide and as thin as 0.0005- 
in. to +0.0001-in. tolerances and 
either solution annealed or rolled 
to temper. Typical uses include 
current-carrying springs, switches 
and circuit breakers; ultrasensitive 
pressure diaphragms and bellows 
and other pressure - responsive 
units; corrosion-resistant bushings 
and bearings; and pump, valve and 
(Continued on Page 232) 





IS5A4 ideas 


on ways 
fo use... 





154 varied applications of 
molybdenum sulfide in the 
shop and in the field are de- 
scribed in a new booklet now 
available. This solid-film lubri- 
cant has demonstrated unique 
anti-friction properties under 
conditions of extreme pressure, 
high velocity, elevated tem- 
perature, or chemical attack. 


The 40-page booklet contains 
the records of solved lubrica- 
tion problems — some might 
solve your own. 


Moly-sultide 


A LITTLE DOES A LOT 


The lubricant 
for extreme conditions 


Climax Molybdenum Company 


500 Fifth Avenue 
New York City 36-N-Y 


Please send me your Free Booklet 










REMARKABLE DESIGN 


NEW SILICONE 


DEMONSTRATED BY TEST... 


SE-100 —IDEAL FOR ELECTRICAL 
AND MECHANICAL APPLICATIONS! 


General Electric's new silicone rubber coating 
compound, SE-100, combines outstanding heat re- 
sistance, electrical and physical properties for a wide 
variety of electrical and mechanical applications. 
SE-100 may be coated on glass or organic fabrics for 
service at high or low temperatures or where resistance 
to weather, ozone, corona or chemicals is required. 


High temperature resistance: Elevated temperatures have no appreciable effect on 
the 1000-1200 voits per mil dielectric strength of glass cloth coated with SE-100. 


SE-550 —STILL FLEXIBLE 
AFTER 24 HOURS AT —120 F! 


G.E.‘s new extreme low-temperature silicone 
rubber, SE-550, combines high strength and elonga- 
tion with maximum low-temperature usefulness. 
SE-550 shows practically no increase in modulus at 
—100 F and retains useful flexibility at —120 F. This 
flexibility is achieved without sacrifice of high- 
temperature resistance or any of the other desirable 
properties inherent in silicone rubber. 


Flexible at —120 F: A glance at the blue curve shows the difference (Young's 
Modulus in flexure) of SE-550 versus organic rubber after 24 hours. 


SE-360 —MORE ‘‘COME BACK’”’ 
THAN ANY KNOWN RUBBER! 


G. E.‘s new low compression set silicone rub- 
ber, SE-360, is designed to provide more positive 
sealing action in parts subject to compression at 
elevated temperatures. In addition to its outstanding 
low compression set, SE-360 has unusually low 
shrinkage when cured. This means parts with more 
uniform properties, closer tolerances and opportunities 
for your fabricator to cut scrap loss. 


Compression test: Same-size pieces of ordinary silicone rubber and SE-360 are com- 
pressed for 22 hrs. at 350 F. Note how SE-360 (right) ‘comes back"’ to original size. 
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POSSIBILITIES OF THREE GREAT 


RUBBER COMPOUNDS 


CONFIRMED BY APPLICATION 
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G.E.‘s SE-100 silicone rubber Gaskets for emergency hatches O-rings, gaskets and seals 
e is finding steadily increasing appli- (shown here at 50 below zero F) are being designed with G.E.’s new 
cation in the electrical industry for astra domes and access windows on SE-360 silicone rubber for appiica- 
coating cloth, tapes and sleeving; the Douglas Globemaster are now tions where sustained resilience at 
” for coating glass-served wire; for made of G.E.’s SE-550 silicone high temperatures is required. Air- 
it encapsulating coils. Among the rubber because it remains flexible craft, automotive and railway de- 
iS many mechanical uses for SE-100 and maintains a seal at extremely sign engineers find SE-360 ideal for 
3 are ducts and tubing; gaskets and low temperatures; does not stick jet engine parts, transmission seals 
seals; diaphragms. to metal after long inactivity. and Diesel gaskets. 
CLIP AND MAIL TODAY! 
eeeeeees#ee#2e#8eeeee e + 
FOR MORE INFORMATION ° ° 
about these new G-E silicone rubber com- e General Electric Company ° 
‘ , : e Section 353- 6C 7 
pounds, just mail the coupon! You will Wateclond. Chee Yack 
also receive a free copy of “Imagineering a é 
with Silicone Rubber” which describes $ Please send me product data on ( ) SE-100 ° 
™ other G-E silicone rubber products and ° ( ) SE-550 ( ) SE-360, including a free ° 
tells how you can put them to work. * copy of “Imagineering with Silicone Rubber.” ° 
ve * I want this information for ( ) Reference pur- *° 
at * poses only ( ) An immediate application on , 
. 
ng ° is 
. . . 
Ww Cll Cli full your confalence mn — © Meme ° 
re « > 
; e Firm . ° 
ies re ° 
GENERAL ELECTRIC:.. 
Ke City Zone. State__ ‘ 
—— (in Canada, mail to Canadian General Electric Company, Ltd., Toronto) e 
66660666 660 68s 000 68 Ge * 
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Favorites ! 


Universal Precisioneered 
Balls are globes of unbelievable 
accuracy .. . tolerances 
of ten-millionths of an inch, 
whether in a pellet 
as small as a mustard seed or 


as large as a marble. 


For high speeds, silent 
operation, and minimal 
torsional resistance, 
use Universal 
Precisioneered Balls of 


chrome or stainless steel. 


Other Universal Balls in 
standard grades— 
chrome, stainless, bronze, solar 

aluminum and special 
materials—100% inspected, 


individually gauged. 


For special instrument 
applications, we produce 

balls guaranteed accurate 
within .000005’’. 


Universal 
Ball co. 


WILLOW GROVE 








SRST 


MONTGOMERY CO., PA. 


New Parts and Materials 





(Continued from Page 229) 
other engine parts. Strip is proc- 
essed by Industria] Div., American 
Silver Co. Inc., 36-07 Prince St., 
Flushing 54, N. Y. 


For more data circle MD-94, page 203 


Button-Head Screws 


The rounded tops and flush edges 
of these fasteners provide a smooth 
surface where countersinking is not 
possible. Manufacture of the screws 
employs the Pressur-Forming proc- 


ess, in which the screw body is 
cold-worked and the socket head 
is cold-drawn to impart extra 
strength to the metal by keeping 
the steel fibers continuous and un- 
cut. Sizes range from No. 8 by 4- 
in. through % by 2-in. standard 
with NC threads. Same sizes are 
also standard with NF threads, ex- 
cept in % and %-in. diameters. 
Made by Allen Mfg. Co., Hartford, 
Conn. 
For more data circle MD-95, page 203 


Breather Plug 


Although specifically designed 
for use in refrigerator and freezer 
units, plug may be used to cover 
any hole in sheet metal or plastic 
units and still provide for air pas- 
sage or easy access. Installation is 


accomplished by pressing the plug 
into the hole with the fingers. As 
the three spring legs enter the hole, 
they depress; once through the 
hole, the legs spring back and hold 
the plug securely. Available in 
sizes to fit % and 1-in. holes from 
Shakeproof Div., Illinois Tool 
Works, St. Charles Rd., Elgin, Iil. 
For more data circle MD-96, page 203 


Fiberglas Cloth 


Woven of Fiberglas yarn, this 
cloth measures 0.001-in. thick and 
weighs 0.81-oz per square yard. It 
is used for electrical apparatus as 
the carrying medium for mica and 
insulating varnishes, permitting re- 
duction in size of electrical appara- 
tus or for general plastic and film 
reinforcement. Cloth is produced 
by Soule Mill, New Bedford, Mass. 


For more data circle MD-97, page 203 


Panel Meter 


Designed to avoid reading errors, 
the Multi-Dialer exposes only one 
scale to view at a time and, at the 
same time, automatically switches 
the appropriate internal or exter- 
nal circuitry associated with that 


- 
VOLTS D« 


4 
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for your 
applications 





















Kastern’s line of hydraulic pumps 


and fluid motors are designed with one 


. objective in mind: to supply an economi- HYDRAULIC PUMPS 
cal, reliable and compact unit for the FLUID MOTORS 


heart of your hydraulic mechanism. 
You will find a combination of exclu- 
sive features in Eastern products which will 


make your selection a confident one. 








Send for Eastern’s brand new Hydraulic 
Catalog A-800. Contains valuable en- 
gineering diagrams and information. 









INDUSTRIES INCORPORATED . 


296. Elm Street, New Haven, Conn. Ss 
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FAIRFIELD MANUFACTURING CO. 


2307 SOUTH CONCORD ROAD 


234 


—check with 


FAIRFIELD © 








CALL FAIRFIELD in at the start on 
your gear production requirements—it 
can save you both TIME and MONEY! 


FAIRFIELD is one of America’s largest 
independent producers of precision 
cut, automotive type gears such as are 
being used today in ever-increasing 
numbers in Agricultural Implements... 
Power Shovels ... Machine Tools... 
Diesel Locomotives... Road Graders... 
Lift Trucks ... Road Rollers... Pump 
Drives . . . Winches... as well as in 
Trucks, Tractors, and Military Vehicles. 


Fairfield’s facilities are unexcelled. 
Here “under one roof” in a new and 
ultra modern plant designed especially 
for the purpose, Fairfield has every- 
thing needed for producing fine gears 
EFFICIENTLY, ECONOMICALLY. 
Call or write for information TODAY. 


Fine Gears made ta order: 
SPIRAL BEVEL © STRAIGHT BEVEL © HYPOID 
HERRINGBONE © HELICAL ¢ DIFFERENTIALS 

SPUR © WORMS AND WORM GEARS 


SINCE 1919 


LAFAYETTE, INDIANA 


| 


| 
| 
| 





New Parts 





scale. It is available with five self- 
contained ranges in volts, milliam- 
peres, microamperes and amperes, 
or custom -engineered to specific 
equipment. Used as a panel instru- 
ment, it is mounted to standard 
JAN 3%% in. dimensions. Made by 
Marion Electrical Instrument Co., 
400 Canal St., Manchester, N. H. 


For more data circle MD-98, page 203 


Coolant Tube 


Extremely flexible, this copper- 
core tubing can be twisted into al- 
most any shape. It remains in the 
twisted shape until reshaped. Thus, 


coolant flow is uninterrupted, and 
since tubes do not need to be wired 
or taped into position, the coolant 
can be directed into otherwise in- 
accessible places. Tubes are made 
of Neoprene rubber and are avail- 
able in most diameters and lengths 
and with any length tip from Acro- 
bat Co., 1923 Vineyard, Los An- 
geles 16, Calif. 


For more data circle MD-99, page 203 


Pressure Switch 


Heavy-duty Model 9612 is cap- 
able of sensing any system pres- 
sure over an adjustable range from 
15 to 3000 psi and actuating an 
electrical circuit on increasing or 
decreasing pressure. Piston type 
pressure sensing element is not sub- 
ject to fatigue. Basic switch may 
be converted to changing service 
requirements by means of inter- 


MACHINE DESIGN—August 1953 





RESISTS DISCOLORATION 
AND KITCHEN STAINS 





PROMOTES QUIET 
NON-RESONANT OPERATION 


TOUGH, CHIP-PROOF 
DIMENSIONALLY STABLE 


CORA MON) ar 
WEIR IGIOIG 


Housed in Hercocel A, the new Cory Electric Knife Sharpener has 
everything that makes for economical production and profitable 
sales. The gleaming white, attractively styled housing is quickly 
molded in one piece. It’s tough, dimensionally stable . . . proof 
against casual kitchen handling. The porcelain-like finish, with 
color through and through, is stain-resistant . . . can’t chip, peel or 
wear off. And Hercocel, non-resonant itself, helps assure quiet 
operation of the unit. For complete information on Hercocel 
plastics, and details of the design and technical assistance offered 
by Hercules, write: 


HERCULES POWDER COMPANY 
Cellulose Products Department, 950 Market St., Wilmington 99, Del. 


.sousing molded for Cory Corporation, Chicago, Ili., by G-M Laboratories, Inc., Chicago, Il. 
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Here’s why leading manufacturers specify 
CAMBRIDGE Wire Mesh Conveyor Belts... 


ACCURATE CONSTRUCTION— every step of the construction of 
your belt is carefully controlled so that the finished belt meets 
specifications for size, mesh count and mesh openings. Even the 
welds at the edge of the belt are specially inspected to make sure 
you get maximum protection at this most vulnerable part of the belt. 


RANGE OF SPECIFICATIONS— regardless of the type of product 
to be handled by the equipment you design, there’s a Cambridge 
wire belt specification to meet your needs . . . close meshes for 
small parts or flat bottom containers, open meshes for larger or 
heavier parts. Even processing through heat, cold or corrosive con- 
ditions is a snap when the proper metal or alloy is chosen for 
fabricating your Cambridge wire mesh conveyor belt. 


EXPERIENCED ENGINEERING SERVICE —— the combination of 
trained engineers both in the Cambridge plant and on our sales 
staff is your assurance that the belt recommended for you is the 
right belt. Cambridge engineers can work with you in any phase 
of conveyor belt usage . . . conveyor design, plant layout, equip- 
ment specifications, etc. 

P. S. IF YOU HAVEN'T CONSIDERED WIRE MESH BELTS you'll do well to find out 
how they cut costs and speed production by combining movement with process- 
ing of foods, chemicals, metal or ceramic products. For information write direct 
or call in your Cambridge Field Engineer. Look under “Belting-Mechanical" in 
your classified telephone directory for the Cambridge man nearest you. 
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Typica) Cambridge belt weaves, Balanced and Rod-Reinforced 
are widely used for many processes which can be combined 


with movement, as well as for ordinary handling. Other weaves 
are also available. 


NEW, WIRE BELT MANUAL, FREE 


Gives data on design, installations and con- 
struction. Write for your copy now. 


The Cambridge Wire Cloth Company 


Department N 
Cambridge 8, 
Maryland 


METAL SPECIAL 
+ CONVEYOR?+ METAL 
BELTS T7T FABRICATIONS 


FRFICES IN PRINCIPAL INDUSTRIAL 
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New Parts 





changeable fitting kits. The mount- 
ing bracket which fits around the 
neck of the unit may be rotated a 
full 360 degrees as well as moved 
up and down. Switch may be 


mounted in any position and is not 
sensitive to vibration or line surges. 
Made by Barksdale Valves, 5125 
Alcoa Ave., Los Angeles 58, Calif. 


For more data circle MD-100, page 203 


Air-Pressure Regulator 


Pilot-controlled, this device util- 
izes regulated air pressure to con- 
trol delivered air pressure, minimiz- 
ing pressure fluctuations. Operat- 
ing range is from 2 to 120 psi, with 


a capacity to deliver more than 200 
cfm. Design of regulator allows 
placing it where it will be most ef- 
fective and installing the separate 
pilot control regulator where con- 
venient. Available in %, 34, and 
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1-in. sizes from the C. A. Norgren 
Co., 3442 South Elati Street, En- 
glewood, Colo. 

For more data circle MD-101, page 203 


Motor Frames 


Electric motor frames of the T- 
type design, in ratings up to 250 hp, 
have been modernized. These mo- 
tors, from frame size 444 to 586 of 
drip-proof construction, have rolled- 
steel frames and cast-iron end bells, 
assuring permanent alignment. 
Bearing caps at the shaft ends give 





longer bearing life. Made by Elec- 
tro Dynamic Div., General Dynam- 
ics Corp., Bayonne, N. J. 


For more data circle MD-102, page 203 


Silicone Rubber Insulation 


Possessing a combination of 
physical toughness and electrical 
strength undiminished over a wide 
temperature range, SE-100 silicone 
rubber coating can also be used for 
heat resistant engine gaskets, flex- 
ible heater ducts and other nonelec- 
trical products. The putty-like ma- 
terial is expected to find application 
for class H insulation in electrical 
equipment used under hot or moist 
conditions. Dielectric strength is 
retained after exposure to temper- 
atures as high as 315 C. It can be 
coated on glass tapes, glass wrap- 
pers and other insulating materials 
at low cure’temperatures. Made by 
General Electric Co., Chemical Div., 
Plastics Ave., Pittsfield, Mass. 


For more data circle MD-103, page 203 
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The freezer’s automatic 
The stove and TV too 

The washer shuts itself off 
Then starts itself anew 


The car’s a Mushomatic Eight 
Remote controlled by knee 


And who’s in charge of all 
this stuff? 
Unautomatic mel 
















Well: Catt macnesium AND ALUMINUM CASTINGS 
Wel Mado WOOD AND METAL PATTERNS 


moe WELLMAN sronze «2 auminum co. 
Dept. 10, 12800 Shaker Boulevard Cleveland 20, Ohio 
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If weight is a factor in the product you're in 
charge of purchasing, engineering or manufac- 
turing, turn automatically to WELLMAN. 


We've been in charge of producing castings 
on the lighter side, aluminum and magnesium, 
for almost half a century. Our four complete 
plants assure you the controlled quality and the 
easy machinability that help shut off your 
production problems. 


Catalog No. 58 will fill you in on the details. 
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The BALL BEARING for your 


LINEAR MOTIONS 


Sliding linear motions are nearly always troublesome. Thousands 
progressive engineers have solved this problem by application 
of the Precision Series A or Low-Cost Series B BALL BUSHINGS. 





Alert designers can now make tremendous improvements in their 
products by using BALL BUSHINGS on guide rods, reciprocating shafts, 
push-pull actions, or for support of any mechanism that is moved 
or shifted in a straight line. 


Improve your product. Up-date your design and performance with 
BALL BUSHINGS! 


Now manufactured for '/,", 1/2", 94,1", 11/2’ 


shaft diameters. 


and 2! 2 






LOW FRICTION - LOW MAINTENANCE 
ELIMINATES BINDING AND CHATTER 

SOLVES SLIDING LUBRICATION PROBLEMS 
LONG LIFE * LASTING ALIGNMENT 


Progressive Manufacturers Use Ball Bushings 
—A Major improvement at a Minor Cost 


THOMSON INDUSTRIES, Inc. 


Dept. E MANHASSET, NEW YORK 
>. Write for descriptive literature and the name of our 
y \ representative in your city. 


S %)) 
\ ” Also manufacturers of NYLINED Bearings — DuPont NYLON 






















within a metal sleeve—for rotction and reciprocation. 





ENGINEERING 
DEPARTMENT 


EQUIPMENT 


















Drafting Template Cutter 


Draftsmen and engineers may 
eliminate the process of redrawing 
standard elements each time they 
appear in a drawing by employing 
plastic templates cut to suit indi- 
vidual drafting needs. A master 
design is prepared, from which the 
Engravograph reproduces a pre- 
cision template on a sheet of trans- 
parent plastic by means of a rotat- 
ing engraving cutter guided by a 
pantograph. The engraving cutter 
can be shaped to provide a template 
with beveled edges conforming to 


SECTION % 





the angle of the pencil point nec- 
essary to produce accurate lines. 
For firms not wishing to cut their 
own master templates, the manu- 
facturer will furnish the templates 
from drawings or sketches submit- 
ted. Manufactured by New Hermes 
Engraving Machine Corp., 13-19 
University Place, New York 3. 
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Portable Photocopier 


Compact size—small enough to 
fit into a desk drawer or a brief- 
case—yet ability to copy anything 
up to 81% by 14 in. in size are the 
outstanding features of the “Con- 
toura’’—a portable photocopy ma- 
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SWITCH TO 
Eaton 

Springtites 
Sems 


(Bolt or screw preassembled with spring lock washer) 


The motions used by a production line worker on 
bolted assembly operations shown in figure 1 above 
differ from the motions used by the worker pictured 
in figure 2. This difference is graphically shown by 
light lines taken from actual factory production photo- 
graphs. This difference in motions made possible by 
Eaton Springtites and Sems means higher production 
quotas and increased manufacturing profits. Why? 


Because they are preassembled units, Eaton Springtites 
and Sems eliminate the need for assembling the spring 


RELIANCE DIWISION &) 


OFFICE and PLANTS: 506 Charles Ave. S.E., MASSILLON, OH!O 


SALES OFFICES: New York @ Cleveland @ Detroit 
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bolts assure greater product quality. See your nearest 


® Chicago © St. Lovis © San Francisco ® Montreal 





ELIMINATE 


waste motions 
in production 












lock washer on the bolt. Losses of separate washers 
and bolts are cut, while double requisitioning, pur- 
chasing, inventory is eliminated. Then too, Eaton 
Springtites and Sems are easy to use in hard-to-get-at 
places, and yet can be hopper fed for automatic screw 
driving. Most important, Eaton Reliance quality pre- 
assembled Standard ASA Spring lock washers and 


Reliance Sales Office for complete details on Eaton 
Springtites and Sems or write directly for Engineering 
Bulletin No. S-49. 





MANUFACTURING COMPANY 


PP Co AE OQ 


at Snap & Retaining Special Steels in {egies Hor-Fes-Nes 
Rings Se ‘was 
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coil-itis 





increasing’ 
your 
temperature 


problem? 








PLATECOILS COOL 
QUENCH OIL TANK 
FOR ¥3 THE COST 






























PLATECOILS SAVE 50% IN HEAT TRANSFER COSTS 





PLATECOIL DIVISION, TRANTER MANUFACTURING, inc., LANSING 4, MICKIGAN 





Here is a new treatment for solving your heat transfer 
problems that is as revolutionary as a new wonder 
drug. It stops coil-itis* cold . . . It eliminates the 
many troubles that have plagued industrial heating 
and cooling practices due to the use of old-fashioned, 
outmoded pipe coils. This revolutionary new unit, 
called a Platecoil, heats or cools 50% faster and 
takes 50% less space in the tank. It simplifies 
maintenance and saves hours of downtime. 
Write for bulletin P71 today! 





At the K-D Manufacturing Company, 
Platecoils are proving more efficient, yet 
cost only 1/3 as much to install. Ask about 
other case histories, 


BLATECOIL 


REPLACES PIPE COILS 


OS 


Coil-itis — Diagnosed 
as tank heating and 
cooling problems. 
Platecoils — the pre- 
scription for solving 
pipe coil problems. 
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chine. Unit will allow copying of 
curved pages in magazines and 
books without harming the bind- 
ing and without removal of the 
page being copied. 

Photocopies are made by plac- 
ing a special photo paper over 
area to be copied. Photocopier is 
placed over photo paper and an 
exposure is made in akout 10 sec- 
onds. Available from F. G. Lud- 
wig Associates, Deep River, Conn. 
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Oscillograph Fi'm Processor 


New portable photographic proc- 
essing machines that automatically 
develop, fix, and dry either oscillo- 
graph film or paper may be loaded 
and operated in daylight. Self- 
contained, standard models deliver 
3 to 5 ft of completely developed 
and dried paper per minute. A 
larger model delivers up to 10 ft 
per minute. Standard models are 
also available for processing film in 
16 mm, 35 mm, 70 mm, and 12-in. 
sizes at speeds up to 5 ft per min- 
ute. Readily portable, the machine 
rolls on swivel-mounted rubber- 
tired casters. Processor operates 


a PE 


i 
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Cn Hl. 


it’s a 


WICHITA 


LOW INERTIA 


Air-Tube CLUTCH 





For smoother, faster, more consistent and 
trouble-free operation, this Johnson 90-ton 
OBI press was equipped with a Strong Heart 
...The WICHITA Low Inertia Air-Tube CLUTCH. 
This clutch is compact, powerful, and BUILT 
FOR YEARS OF SERVICE. Make your machin- 
ery more efficient with increased performance 
and production by changing to Wichita Low 
Inertia Air-Tube Clutches... NOW! 


Additional Ac HIGGS FF 


* SAFER OPERATION 
*% COOLER RUNNING 
* MINIMUM SLIPPAGE 
* NO LUBRICATION 
* NO ADJUSTMENTS 
* NO BACKLASH 


%& BUILT IN STANDARD & 


LOW INERTIA TYPES 
(ALL POSITIVELY VENTILATED) 








FOR COMPLETE INFORMATION, CALL 
THE WICHITA ENGINEER NEAREST YOU 


WICHITA DISTRIBUTORS 





Brehm-lahner, Inc., Detroit, Michigan Smith-Keser & Co., Philadelphia 44, Po. 
L. H. Fremont, Cincinnati, Ohio Smith-Keser & Co., New York, N. Y. 
W. G. Kerr Company, Pittsburg, Pa. Frank W. Yarline Co., Chicago, til. 


Smith-Keser & Co., (Main Office) West Hartford, Conn. Power Rig & Equipment Co., Inc, Long Beach, Calif. 
Robert R. King Co., Cleveland, Ohio 











Nothing ts as smooth a a 


HOOVER HONED RACEWAY 


Honed Raceways, 
exclusive Hoover 
Construction. 


Micro-lapped Chrome 
Stee! Balls Accuracy 
within .000025” 


aT 


Balanced Retoiners. 


Husky Deep. 
Groove. High 
Carbon Chrome 
Steel. Perfectly 
? Balanced 
Raceways. 


1{OOVER HONED. Hoover 
joned raceways magnified 


used exclusively — «€, 


r Ball Bearings 











7 


HOOVER... * 


BALL BEARING 
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on 115 v ac. Manufactured by the 
Young Testing Machine Co., Skel- 
ton Blidg., Bryn Mawr, Pa. 
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| Analog Converter 


Analog voltages are automati- 
cally converted into decimal digits 
with an accuracy of 0.1 per cent 
(1000 counts full scale) by type 
24A Teleducer. Instrument oper- 
ates upon demand, digitizes an in- 
put voltage and holds the repre- 
sentation for controlled periods of 
time for purposes of display, re- 
cording or any readout form. Out- 
put can be recorded by means of 


punched cards, electric typewriter, 
magnetic tape, or punched tape. 
Instrument digitizes low voltage 
without direct current amplifica- 
tion and high voltage by means of 
attenuators. Developed by Tele- 
computing Corp., 133 E. Santa 
Anita Ave., Burbank, Calif. 


For more data circle MD-107, page 203 


Strain Gage 


The smallest SR-4 bonded resist- 
ance-wire strain gage yet devel- 
oped by Baldwin - Lima - Hamilton 
has been added to their line of 
more than 100 sizes and types of 
these gages. This new type AB-32 
strain gage has a 1/32-in. gage 
length, which is half that of the 
former smallest gage. Made with 
a Bakelite base of the wrap-around 
type with cupro-nickel wire, it is 
applied with phenol-resin cement. 
Nominal resistance is 120 ohms 
and average gage factor is 1.4, 
which is guaranteed within 10 per 
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Here’s the camera that helped JOHN DEERE 


build a better beet harvester 


SOMETIMES high speed movies solve de- 
sign problems in the most unexpected 
places. A sugar beet field, for example. 

An experimental John Deere sugar beet 
harvester ran into a snag in field tests. 
Spinning spring teeth which remove the 
heavy, green tops prior to lifting the beet 
roots were failing in use. This was attrib- 
uted to the recoil vibrations resulting 
from the weight of the tops and to rough, 
uneven ground which caused torsional 
deflections as great as 60 degrees. 

To see exactly what happened, John 
Deere engineers carried their Kodak High 
Speed Camera out into the field and took 
movies of the fast-moving action at 1,000 


and 3,000 frames a second. When the films 
were projected at normal speed, action 
was slowed almost 200 times. Study of the 
movies showed how steel or rubber damp- 
eners would solve the problem. They also 
indicated how redesigning the mounting 
of the spring would further reduce recoil 
vibration. 

The Kodak High Speed Camera may 
well be the tool that can help solve your 
problem of high speed mechanical action 
or fluid flow. It’s easy to use and has the 
right speed range for most industrial ap- 
plications. For full information send for a 
copy of our booklet. Or, write for details 
on a sound movie, “Magnifying Time.” 


Industrial Photographic Division 
EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
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the Kodak HIGH SPEED camera 























For those who use high speed movies, the 

new Kodascope Analyst Projector 

makes detailed study easier than 
| ever. It can be reversed and rerun 
| all day long without overheating. 
| Built into the carrying case is the 
Kodak Daylight Projection Viewer, 
eliminating the need for darkened 
rooms or bulky screens. For conven- 
ience, the reversing switch is on a 
five-foot cord. Information on the 
Kodascope Analyst Projector will 
gladly be sent on request. 
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Leather Packings 


Synthetic 
Rubber Packings 


Synthetic 


Rubber Oil Seals 


Leather Oil Seals 


eliminates 
the human 
variable 


It’s human nature to have occasional 
“off days” ...as your own quality 
control engineers will testify. 


Here, at Trostel, we keep quality from 
getting a personal bias... by using 
specially developed automatic 
production machinery like the 
Trostel-designed multiple-die hot molding 
“consoles” pictured above. 


These machines eliminate the possibility 
of human error in calculating and 


measuring critical time-pressure-temperature 


cycles. They do a precision job 
... automatically, unfailingly. 


Our employees find this arrangement 
makes their work easier. Our customers 
know it results in packings and 

oil seals of consistent quality 
regardless of the day of the week 

or the time of day they are made. 


It’s another good reason why: 
“You can trust a Trostel seal.” 


Illustrated Bulletin On Request 


ALBERT TROSTEL PACKINGS, LTD., Lake Geneva, Wis. 


Fi ly Division of Albert Trostel & Sons Co., Milwaukee, Wis. ’ . 
‘ormerly Divisi: TROSTEL 





BRANCH OFFICES LOS ANGELES 


NEW YORK 

SAN FRANCISCO QU ALITY 
SEATTLE + HOUSTON 
WORCESTER, MASS. 
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cent. Two pairs of leads are avail- 
able and grid wire is only 0.0005-in. 
in diameter. Made by Baldwin- 
Lima-Hamilton Corp., Philadelphia 
42, Pa. 
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Large Size Printer 


Completely self-contained except 
for lamp transformers, this large 
size printing frame is available in 
various sizes up to approximately 
8 ft wide and 20 ft, 10 in. long. 
Unit exposes all light-sensitive ma- 
terials and has a variable-speed 
light source that provides uniform 
light distribution by means of a 
complete focal plane sweep. All 
operations are performed without 
any manipulation of frame. 





Main light source consists of one 
or more quartz mercury-vapor arc 
lamps. Drive member is an elec- 
tronically controlled, variable - 
speed de motor with built-in worm 
reducer gear. The contact is es- 
tablished between a vacuum blan- 
ket and plate glass. Manufactured 
by Charles Bruning Co. Inc., 4700 
Montrose Ave., Chicago 41, IIl. 
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Counter and Timer 


Model 5500 provides a direct 
reading of elapsed time between 
any two events, or of the number 
of events occurring during a spe- 
cific interval; a means of measur- 
ing low frequencies and a straight- 
forward electronic counting facil- 
ity. Elapsed time from 40 micro- 
seconds to 100,000 sec can be meas- 
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with the RELIANCE 


The All-Electric 
Adjustable-Speed Drive that 
eliminates mechanical 
gearboxes, clutches and 
variable-pitch cone pulleys 


Reliance V*S Jr. is bringing the 
benefits of smooth, shockless oper- 
ation... powerful starting...wide 
speed ranges... fast reversing... 
quick stopping...to users of small 
machinery in many industries. 
Progressive machinery builders, 
too, are building these desirable 
sales features into their machines 
with the V«S Jr. To step ahead... 
and keep ahead ...of competition, 
find out today what the VsS Jr. 
can do on your application! vw 


SAVES YOU MONEY 10 WAYS: 


@ Boosts output @ Reduces 
e Cuts down “down time” 
rejects @ Simplifies 
@ Saves space machine design 
@ Increases @ Reduces 
safety operator fatigue 
e@ Handles more e@ Cuts changeover 
jobs time 


@ Operates from a-c. 
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RELIANCE tncintcan 






STEP AHEAD...KEEP AHEAD 





















ORIVE MOTOR 





ADJUSTA3LE-SPEED 


A-C. POWER 


TO CONTROL UNIT 


OPERATOR'S 
CONTROL 
STATION 





GET THE FACTS! 


Ask for Bulletin D-2102. It describes 
and illustrates features, applications, 
components and operation; dimen- 
sions and characteristics also are 
included. 
































VERSATILE 


lubrication 


Silas Giinelale Mcte)icleicte Mai aleme siI1 

[Bd ol-tee To) (Tiled feb @) ol-1aehi-ze 

Lubricator to protect the bear 

ings on their special Rigidmil 

to assure ease of aleleahilare elare| 

control. All way and feed screw 

bearings are properly lubricated with just 

the right amount of oil by lubricators cycled 
Tol ialcwniaehiicl Melamialemmailiiiiate malciele i? 


Biiur Type “E”’ Lubricators offer added rer- 


satility of application and positive control, 


They can be m icle Mielahvalaalclacemelamne Mmailelaalial= 


since. they oper ellaclammeelalalcvaitels 
fomrlehdlale mt clelare 
TiNacciilelelicmistemelehelahicle(-tMeolmelUloluleliial (lela 
cation for equipment you manufacture. Bijur’s 
Sd ol-talclalecte Mclalellalst-1e-Mela-Mme lel ihil-teMloMello mele 
in elratelaliare! iUlelalaehilels ystem ‘tel ame aalelelalialei 
aloh AE Lae ol accel Ulailelaime) ala Mm ialcim ollelalaliale mt iele [= 
melmisl-Mel-imlmellhicliilelilem tlelaiaehilela in 


on Bijur 


Biyor 


LUBRICATING CORPORATION 


Rochelle Park, New Jersey R 
Pioneers in Automatic Lubrication 
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ured directly with an accuracy of 
+10 microseconds, and events oc 
curring at rates from 20 to 100,- 
000 per second can be counted. 
Features scanning to any mutiple 
of 1 or 10 sec, direct test of all 
time base frequencies, automatic 
operation with display from 0.5 
to 5 sec, and manual operation with 
infinite display. Made by Berke- 
ley Scientific Div. of Beckman In- 
struments Inc., 2200 Wright Ave., 
Richmond, Calif. 
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Parallel Spacer 





Unit is designed to draw lines 
from 0.025 to 0.375-in. distance 
from practically any smooth refer- 
ence curve. Provision is made for 
14 gradations of distance from the 
reference curve. The point of a 
hard pencil is inserted in the se- 
lected hole, and the tracer is guid- 
ed along the edge of a straight or 
curved figure. Uses include graph 
plotting, cross-hatching, lettering, 
etc. Made of 0.030-in. thick mathe- 
matical quality plastic, the tem- 
plate has an actual diameter of 2 
in. Available from Rapidesign Inc., 
P. O. Box 592, Glendale, Calif. 


For more data circle MD-111, page 203 
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Calf “locking a factonore 
ELastit Slop nuts 
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HIGH TENSILE NUT 





SPLINE NUT 


dia. from 1/16” to 1/2” 





CLINCH NUT 1200° F. HIGH-TEMP, NUT 









Rollpins are slotted, tubular steel, pressed-fit pins 
with chamfered ends. They drive easily into holes 
drilled to normal tolerances, compressing as driven. 
Extra assembly steps like hole reaming or peening 
are eliminated. Rollpins lock in place, yet are read- 
ily removed with a punch and may be reused. 

Cut assembly costs by using Rollpins as set 
screws, positioning dowels, clevis or hinge pins. 
Specify them in place of straight, serrated, tapered 
or cotter type pins. 







GANG 
CHANNEL NUTS FLOATING ANCHOR NUT 







Every major aircraft now being assembled relies on the 
vibration-proof holding power of ELASTIC STOP nuts. 
Only ESNA manufactures a complete line of all types 
and sizes of self-locking nuts. 













ELASTIC STOP NUT CORPORATION psiitiy 
OF AMERICA 







ysl 








Elastic Stop Nut Corporation of America 
Dept. N34-84, 2330 Vauxhall Road, Union, N. J. 
































a 
4 Please send me the following free fastening information: 

‘ C Elastic Stop Nut Bulletin C) Here is a drawing of our 
ir C Rollpin Bulletin product. What fastener would 
h [] AN-ESNA Conversion Chart you suggest? 

y 

“ Name Title. 
‘ Firm 

2 
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Doubling wear life on chains, 
clutches and running parts, drilling rigs 
equipped with the new Twin Disc Dis- 
connecting Hydraulic Power Take-Offs 
have been running up outstanding service 
records during the past two years. oar 

igs now drill deeper, more economically, 
net the new Twin Disc Model HUD 
allows the fu/l use of peak engine torque... 
dampens starting shocks, stopping 
shocks and overloads. Through the com- 
plete Disconnect feature, the HUD acts 
as a master clutch. ; 

Steady power transmission through 
Twin Disc HUD softens and controls 
speeds of acceleration and deceleration 
... to reduce impact shock—on power 
units and driven equipment—by 70% or 
more. Compounded drives can easily be 
synchronized—drum clutches can safely 
be engaged with engines idling, for 
smoother load pick-up—the range of 
available mud pump speeds and pres- 
sures can be greatly extended. Rig en- 
gines, free to run at their most efficient 
rpm, prevented from lugging or stalling 
under load, are assured of a longer, more 
serviceable, trouble-free life. 

For complete information on how Twin 
Disc Disconnecting Hydraulic Power 
Take-Offs are adding efficiency to mod- 
ern drilling rigs, contact your nearest 
Twin Disc Factory Branch, or write to 
the Hydraulic Division, Rockford, Ill. 


Twin Dise Model HUD Disconnecting Hydraulic 
Power Take-Off—available in coupling sizes 
21” and 27”; to handle 60 to 600 hp engines 
... Operates with either cooling radiator or heat 
exchanger . . . incorporates shortened oil sump 


to fit rig design. 


“4 


~. 


Twi(i/ Disc 


CLUTCHES AND “wYDRAULIC DAIVES 
\ 


TWIN DISC CLUTCH COMPANY, Racine, Wisconsin - 


BRANCHES: CLEVELAND « 


HYDRAULIC DIVISION, Rockford. Iilin 






DALLAS + DETROIT - LOS ANGELES - NEWARK - MEW ORLEANS - SEATTLE + TeLsa 
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| P F 
ances in many guises. 


Iierniderson exposes one here. 


You Can't Tell 
Them Everything! 


Many times in hiring a new man 
for a job, or transferring an old 
employee to a new position, the 
boss is unable to explain all of the 
opportunities involved. There is 
a variety of reasons why this is so. 

Let’s consider an example. 

Some years ago, I hired a young 
man for a specific job. He was to 
work with several other men under 
a supervisor who appeared hale and 
hearty, with no chance of dying off 
soon enough to provide an opening 
ahead. I explained to him that 
there was a good opportunity on 
this job and that if he did well, 
there were several places in the or- 
ganization to which he might look 
for advancement. As for him, he 
probably thought it was the usual 
old stuff, the inspirational speech 

that every boss hands out, hoping 
to get as much work as possible 
out of the employee. 

Actually, the story was this: 
After culling over all of its likely 
prospects, another division of the 
company decided they would need 
a pushing young fellow to head up 
| a new department. They wanted 
| 


( PPORTUNITY makes appear- 
J. P. 


him trained in my department for 
about two years as background, 
after which he would transfer and 
get further training in that plant. 
I had no extra man at the time 
| and several likely prospects had 
been approached but did not want 
to move. So there it was, advance- 
ment all planned; a pushover for 
| an ambitious young fellow who 


would have an excellent job in 
from four to five years. 

But I could not tell him all of 
that. I could not commit myself 
on that whole program to this 
green young man for several rea- 
sons. 

At the end of a year or two, 
we would have considerable money 
and time invested in his training. 
Suppose it became obvious by then 


MACHINE DESIGN—August 1953 




















le 






Stress Relief 





that he was not the executive ma- 
terial we hoped for. We could still 
use him elsewhere in the organiza- 
tion and not lose the investment 
in his training. But if he had been 
promised the other job, he would 
naturally have been dissatisfied 
with this later arrangement. 

Furthermore, suppose I had re- 
vealed to him this entire program. 
It’s possible he might have exerted 
himself abnormally to secure the 
advancement and then eased off. 
Actually I wanted to see his normal 
drive without a definite bait in 
front of him. 

Cases differ in details, but the 
same sort of thing can often hap- 
pen. 

When you are sitting across 
from the boss’s desk being told 
about a new job and hearing him 
talk about opportunities if you 
work hard, etc., etc., are you cyni- 
cal enough to think that it’s the 
same old guff, and that he is just 
trying to lead you on to work your 
head off? More often than not, 
the thoughts in the back of the 
boss’s head are something like this: 
“I sure hope this is the man we’re 
looking for. I hope he has the 
drive we want and that he can 
make good. There are so many 
spots where we can use a smart 
young fellow—let’s hope he’s it.” 

—J. P. HENDERSON 


They Say... 


“Modern industrial progress de- 
pends on teamwork to such a de- 
gree that the graduate must be 
able to submerge his individuality 
to a considerable extent in order 
to become an effective member of 
that team. As a member of the 
team, he must be capable of mak- 
ing his own contributions, yet be 
flexible enough to change his own 
ideas as new thoughts are present- 
ed to him by other members of the 
group. Few indeed are the indus- 
trial positions wherein an engineer 
can work as a ‘lone wolf.’ He must 
learn to work with people until 
his responsibilities increase to such 
an extent that the major require- 
ment is for people to work with 
him.”—JoHN F. GORDON, vice pres- 
ident, General Motors Corp. 
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The new Super-Dome Passenger Cars of the Milwaukee Railroad are 
air conditioned to maintain comfortable temperature at all times. A 
20 ton capacity Trane Compressor and a 20 ton capacity Trane Con- 





denser in each car do this important job. Lord Mountings protect 
these Trane Units from vibration and shock and prevent transmission 
of the unit vibration to the car thus assuring passenger comfort. In 
these ultra-modern cars the passengers enjoy the benefits of healthful, 
temperate air. This is another of the many examples of Lord ver- 
satility in assisting designing engineers to solve difficult mounting 
problems. You are invited to consult with us on the application of 
Lord Vibration and Shock Mountings and Bonded-Rubber parts to 
improve the operation of your product. 






. SAE National Aeronautic Meeting 
Hotel Statler—Booth No. 21 
Los Angeles, California 








DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 


FORNIA 
a pail aaa 725 Widener Building 410 West First Street 


233 South Third Street 413 Fidelity Union 
Life Building 


DETROIT 2, MICHIGAN NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS b noe 1a oa 
311 Curtis Building 280 Madison Avenue 520 N. Michigan Ave, oom 


LORD MANUFACTURING COMPANY °* ERIE, PA. 
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HEXAGONS, OCTAC 
ViI9YO4 GNW $131119 


FLATS, 


“B" No. 3X 
HEAT-TREATED 


SQUARES, 


‘NOILOINGOYd YOd SO 


ROUNDS, 





This higher-priced alloy steel can save you money! 


“B” No. 3X heat-treated bars offer many production economies, 
even though machined at about ths the speed of annealed bars. 
They are supplied to your desired physical properties, and can be 
machined more easily than standard heat-treated bars with equiv- 
alent properties. The expense of scaling, distortion, straightening, 
and often grinding, are eliminated — as well as the cost of extra 
handling and heat treating of finished parts! 

Although the cost is a little more than for ordinary annealed 
stock, a trial order will convince you of the true economy of 
HY-TEN “B” No. 3X heat-treated bars! Just call your nearest 
WL representative. 
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Write today for your FREE COPY of the 
Wheelock, Lovejoy Data Book, indicating your 
title and company identification. It contains com- 
plete technical information on grades, applica- 
tions, physical properties, tests, heat treating, etc. 


WHEELOCK, 
LO I: }0) meeguers Service 


CAMBRIQGE « CLEVELAND 


Sa TOMPANY. INC. sae mi 


CINCINNATI 


In Canada 
SANDERSON. NEWRBOULLD. LTD MONTREAIT 


and AISI 


OVER ONE 
SNe SINIWIYINOIY JONVNIINIVW GNY WOOY 1001 


and Cleveland « Chicage « Detroit 
133 Sidney St, Cambridge 39, Mass. iicige yy, © Bullale © Cincinnati 
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AND EXPOSITIONS 


Aug. 19-21— 

Western Electronic Show and 
Convention to be held at Civic 
Auditorium, San Francisco, Calif. 
Additional information may be ob- 
tained from society headquarters, 
Merchandise Mart, San Francisco 
3, Calif. 


Sept. 6-11— 

American Chemical Society. Fall 
meeting to be held at Hotel Conrad 
Hilton, Chicago, Ill. R. M. War- 
ren, 1155 16th St., Washington, 
D. C., is assistant secretary. 


Sept. 13-17— 

Electrochemical Society Inc. Fall 
meeting to be held at the Ocean 
Terrace Hotel, Wrightsville Beach, 
N. C. Dr. Henry B. Linford, 235 
West 102nd St., New York, N. Y., 
is secretary. 


Sept. 20-23— 

Packaging Machinery Manufac- 
turers Institute. Twenty-first an- 
nual meeting to be held at the 
Skytop Lodge, Skytop, Pa. Addi- 
tional information may be obtained 
from society headquarters, 342 
Madison Ave., New York 17, N. Y. 


Sept. 21-22— 

Steel Founders’ Society of Amer- 
ica. Fall meeting to be held at the 
Homestead, Hot Springs, Va. Ad- 
ditional information may be ob- 
tained from society headquarters, 
920 Midland Bldg., Cleveland, O. 


Sept. 21-25— 

Instrument Society of America. 
Annual meeting and joint confer- 
ence with the Industrial Instru- 
ments and Regulators division of 
ASME to be held concurrently 
with the eighth national instru- 
ment exhibit at the Sherman Hotel, 
Chicago, Ill. Richard Rimbach, 921 
Ridge Ave., Pittsburgh, Pa., is ex- 
hibit manager. 


Sent. 28-30— 
Association of Iron & Steel En- 
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U-PACKINGS 


Made of leather or rubber. A com. Pr) 
pletely mechanical seal installed in 
recess on cylinder wall or piston head. 
Sealing lips and side walls form 
dynamic seal inside and outside. 
Pedestal ring or filler required for 
Expanders also adapta- 


ble when needed. 


best service 
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G&K-INTERNATIONAL 
can supply your packings needs— 
standard or special — leather or rubber 


With one entire plant specializing 
in packings design and manufacture, 
G&K - INTERNATIONAL offers a 
staff of technical experts with the lat- 
est in modern equipment and quality 
controls, backed by experience 
gained over 50 years in this field. 
Whatever your packings require- 
ments (Original Equipment or Re- 
placement) you can bring them here 
with the assurance that you will get 
just the right packings. We work 
in both leather and rubber, and can 


@ 


GRATON 
KNIGHT 


GRATON & KNIGHT COMPANY 
Established 1851 
Worcester 4, Massachusetts 


fill orders on the basis of installation 
needs. For example, leather U pack- 
ings are manufactured in sizes larger 
than those contained in the JIC tables 
— some as big as 6 feet in diameter! 
To be sure that you get the right 
packings — and on time — specify 
G&K-INTERNATIONAL! 


New Packings Catalog 


Probably the most compre- 
hensive catalog and manuel 
in existence today. Covers all 
types, with latest tables. 
Also useful application in- 
formation, _Write for it— 
you ought to have a copy. 


INTERNATIONAL 


INTERNATIONAL PACKINGS CORPORATION 
Graton & Knight Company Affiliate 


Bristol, New Hampshire 





Chech JOHNSON 


*p Wetter CLUTCH 


for the same money 


For some time there has been a de- 
mand for a single disc clutch for pos- 
itive control of power transmission 
in the field of light machinery . . . a clutch that would stay cool on 
the job in both horizontal and vertical installations. This is “it.” 


If extreme compactness is not an essential, the Johnson No. 350 
(3 h.p. max.) and No. 450 (6 h.p. max.) will meet or beat com- 
petition...as a better clutch at a competitive price. They incorpo- 
rate most of the design principles of our Maxitorg multiple disc 

..and except for compactness and capacity, you will find them 
tops in their field. (Please read column at right...“Frankly Speak- 
ing”... for use recommendations.) 


Several driving combinations are available, including V-belt. A 
simple hex key frees the knurled ring for easy manual adjustment. 
The “floating” disc prevents drag, abrasion, and heating in neutral. 
Machine and product designers will solve many problems in the 
light machinery field with this new Johnson single disc Clutch. 


Send for Bulletin No. 250-MD-8 


THE CARLYLE JOHNSON MACHINE CO. 
MANCHESTER CONNECTICUT 











nf 





Frankly 


SPEAKING 


Because of a large backlog of orders, The 
Carlyle Johnson Machine Company found 
it necessary to postpone the announcement 
of the new Johnson Single Disc Clutches. 

Now, with added equipment for high 
speed production, it is possible to produce 
and ship the new clutches without undue 
delay. In fact, small orders or units for try- 
out in new machines will be forwarded at 
once. Design features make the Johnson 
especially suitable for installation in the 
following machinery: 

Accessory Drives, Air Compressors, Bag 
Making, Boat Drives, Bread Wrapping, 
Chain Drives, Combines (farm), Convey- 
ors, Crop Seeders, Cultivators, Dusting Ma- 
chines, Feed Grinders, Floor Scrubbing, 
Fruit Cleaners, Gasoline Engines, Genera- 
tor Drives, Hay Balers, Hoists, Loaders, 
Lawn Mowers, Milk Coolers, Mixing Ma- 
chines, Motor Scooters, Packaging Machines, 
Paper Shredders, Power Fans, Power Saws, 
Power Take-offs, Pumping Equipment, 
Sand Spreaders, Sewing Machines, Sheep 
Shearers, Spraying Equipment, Textile Ma- 
chinery, Threshers (small) , Tobacco Ma- 
chinery, Tool Grinders, Tractors (garden), 
V-Belt Drives, Vegetable Sorters. 

Naturally, these are but a few of the pos- 
sible applications for the Johnson Single 
Disc Clutch. The field is wide open, with 
new machinery constantly being developed. 

Included in the driving combinations are: 
Gear Tooth, Bolted Plate, Pulley Type, Hub 
Adapter, Cut-off Coupling Adapter, Single 
V-Belt Pulley Drive, and Double V-Belt 
Pulley Drive. 

Carlyle Johnson engineers offer their engi- 
neering assistance in cooperation with your 
engineers and machine designers to develop 
the correct solution of your power transrais- 
sion requirements. Write to Frank R. Simon, 
The Carlyle Johnson Machine Co., Man- 


chester, Conn. 
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Meetings and Expositions | 





gineers. Annual meeting to be held 
at Hotel William Penn, Pittsburgh, 
Pa. T. J. Ess, 1010 Empire Bldg., 
Pittsburgh, Pa. is managing di- 
rector. 





Sept. 28-30— 
National Electronics Conference. 
Ninth annual conference to be held 
at the Sherman Hotel, Chicago, 
Ill. under the sponsorship of the 
American Institute of Electrical 
Engineers, the Institute of Radio 
Engineers, Illinois Institute of 
Technology, Northwestern Univers- 
ity, and the University of Illinois, 
with participation by Purdue Uni- 
versity and the University of Wis- 
d consin. S. R. Collis, N. E. C. 
Publicity Committee, 208 West 
Washington St., Chicago 6, IIl., is 


h chairman. 

e 

i Sept. 30-Oct. 2— 

| Porcelain Enamel Institute. 
a T ; 

t wenty-second annual meeting to 
" be held at the Greenbrier Hotel, 
" White Sulphur Springs, W. Va. 


Additional information may be ob- 
g tained from society headquarters, 
. Dupont Circle Bldg., 1346 Con- 


: necticut Ave., Washington, D. C. 
- 
,, Oct. 5-7— 
.. American Society of Mechanical 
. ' Engineers. Fall meeting to be held 
. at Hotel Sheraton, Rochester, N. Y. 
. C. E. Davies, 29 West 39th St., 
" New York 18, N. Y., is secretary. 
t, 
P Oct. 8-9— 
a National Conference on Indus- 
1. trial Hydraulics. Ninth annual 
), meeting to be held at Hotel Shera- 
ton, Chicago, Ill. J. G. Duba, IIli- 
: nois Institute of Technology, Tech- 
le nology Center, Chicago 16, IIL, is 
h secretary. 
1. 
_ Oct. 12-13— 
b First Conference on Mechanisms. 
le Two-day conference to be held at 
It Purdue University, West Lafay- 
ette, Ind., under the joint sponsor- 
. ship of the editors of MACHINE 
- DESIGN and the faculty of the 
p school of mechanical engineering at 
.. Purdue University. Additional in- 
1, formation may be obtained from 
. the Editor, MACHINE DESIGN, Pen- 


ton Bldg., Cleveland 13, O. 
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... Maybe one of these 
REULAND specials” 


will solve it! 


ane ee ne eee * 2 oe m7, NR 


F FLUID-SHAFT MOTOR 

_ Motor with internal fluid coupling. Provides 

F smooth load acceleration. More compact than 

| separate coupling. Assures perfect 

| alignment. Will start heavier loads than stand- 

ard motors of same horsepower. Used on 
cranes, conveyors, mixers, etc. 





—- ee ee er Ke eer re er er eee 
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- FLUID-SHAFT MOTOREDUCER 


_ Consists of Reuland Fivid-Shatt motor and gear 
-seducer as one compact unit. Converts the 
sooty conventional high speed into a slow 





Se eee 


| RIGHT-ANGLE MOTOREDUCER 

| Consists of Revland motor and worm gear 

/ reducer. Provides unlimited mounting versa- 

tility. Permits use of 1 high speed and 2 slow 
speed power-take-off shafts, if desired. Ideal 

for designing into cramped quarters. Also 

_ available with Fiuid-Shaft drive motor. 












HYDRAULIC PUMP MOTOR 


Special end bell flange permits direct, end bell 
mounting of all standard makes of pumps. 
Eliminates need for special mounting platforms. 
Assures absolutely perfect alignment with 
pump shaft. Available with mounting flange 
on one or both ends. 














THROUGH-SHAFT MAGNETIC BRAKE 


“Doughnut” type design allows extension of 
shaft entirely through brake. Permits use of 
TWO output shafts per motor. Can be mounted 
on the input or output shafts (or both) of Fluid- 
Shaft motors and motoreducers. Only 6 major 
parts... self adjusting... half usual length. 


OVER 600 SPECIAL ELECTRIC MOTOR DESIGNS 


Whatever your drive problems may be, there is a 
good chance that the Reuland “library of specials” 
contains a unit that is already tailored to your needs. 
Its availability will save you development work and 
put you in production faster. 

Write today, outlining your particular problem. No 
obligation, of course. 


1 DISTRIBUTORS IN ALL PRINCIPAL CITIES 





"ELECTRIC 
COMPANY 





WESTERN DIVISION—ALHAMBRA, CALIFORNIA ¢ EASTERN DIVISION—HOWELL, MICHIGAN 
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New Buy-word for Top Valuq 
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Typical design (above) of SHOLD-A- 
GRIP Bushing and Sprocket with minimum 
number of teeth. 
Typical design (below) of SHOLD-A-GRIP 
Bushing and Sprocket with maximum 
number of teeth. 





FIT SHAFTS 
VY," to 22" by 16ths 


SHOLD-A-GRIP Sprockets of any 
commonly used pitch, 14” to 114", can 
be interchanged on an extended range 
of shaft sizes. SHOLD-A-GRIP design 
adds many smaller sprocket sizes to 
the interchangeable class. 


0° snare Engineered originally and specifically 
Example: Sprocket BKSD, 34" pitch, for Sprocket drives, SHOLD-A-GRIP Bush- 
10 teeth, can be used on 9 different ings are not an “adapted” design. Compare 
shaft sizes, any size from 44” to 1” by . . . see why SHOLD-A-GRIP means top 


16ths, by inserting the correct size ~ . 
SHOLD-A-GRIP Bushing. efficiency, lowest maintenance costs. 


Sasa orcrmnmman 











GEARS © CHAIN and SPROCKETS @ RATIOMOTORS © REDUCTORS @ BOST-BRONZ Oil-impreanated BEARINGS @ PILLOW BLOC 
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luan Sprocket Assemblies . . . ask for 


‘A-GRIP 


Interchangeable Tapered BUSHINGS and SPROCKETS 
You'll be Sure to get... 


Tap Gp 
: Cyne SLIP-PROOF GRIP ones REMOVAL 



















oa 





In SHOLD-A-GRIP Bushings and Correct taper saves time and trouble in 
Sprockets, you get a taper proved by removal. Cap screws are removed, then 
exhaustive overload tests to be the two screws are turned into the two 
optimum for slip-proof grip. When threaded holes in bushing flange. Tight- 
screws are tightened the bushing grips ening screws releases bushing—quickly, 
' both sprocket and shaft with maximum easily. 
holding power, even on shafts which 
a vary from true diameter. 


“< | Gl 
"| atin mH og 


AVOID “ROCKING” FIT BY BOSTOW..., EXPERTS 


All Bushing and Sprocket tapers are Because of the unique, patented SHOLD- 
machined with integrated and matched A-GRIP construction, holes for screws 
tooling, to avoid possible variation from are in the shoulder. There are no weaken- 
random production. There is no risk of ing holes in the sprocket itself. BOSTON 
a “rocking” fit. SHOLD-A-GRIP gives Gear quality throughout assures longer 
you fast, free interchangeability, over service life on your toughest drives. 


the entire size range. 


impletely engineered and manufactured by BOSTON... ... 
75 years the leading specialists in Stock Gear and Sprocket design. 


Complete information on R NEARBY 
SHOLD-A-GRIP As YOu _— 


Bushings and Sprockets 

is available from your 

Boston Gear Distribu- 

tor, or write Boston 

Gear Works, 64 Hay- 

ward St., Quincy 71, 
ss. 





DISTRIBUTOR 






Lock RSAL JOINTS © COUPLINGS @ BALL BEARINGS © OVER 5000 STOCK ITEMS 
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SEALERS 


Dr. William J. Clayton and 


Technical Director 


[FD URING the last 15 years, ad- 

hesives and sealers have gained 
in popularity and commercial im- 
portance as engineering tools at an 
astonishing rate. Rubber -type 
compounds in particular have 
proved to be well suited for use in 
the transportation industry. Their 
advantages were first fully utilized 
by automobile manufacturers. 
These materials are now used in 
many places throughout the mod- 
ern motor car. The related truck 
and bus industries soon followed 


Thiokol LP-2 


Hycor OR-I5 


Porocril (i8 


Neoprene GN 


9] 50 100 


Volume Swell (per cent) 


Fig. 1—Per cent swell by volume of synthetic rubbers 
immersed for 30 days in aromatic(SR-6) fuel maintained 
at room temperature 


ADHESIVES AND 


Rapidly growing in commercial impor- 
tance, rubber-base compounds offer 
a wide range of usefulness in design. 











Adhesives and Coatings Div. 
Minnesota Mining and Mfg. Co. 
Detroit, Mich. 


suit; the railroad industry then 
found many applications; and 
within the last ten years the air- 
craft industry has used adhesives 
and sealers on a broad scale. 

In general adhesives have the 
following basic advantages over 
mechanical fasteners: 


1. Adhesives distribute the load 
evenly over the entire joint area. 
By giving continuous contact be- 
tween mating surfaces, they min- 
imize local stress concentrations 
which are normal with most me- 


DESIGN 
ABSTRACTS. 








Roger K. Humke 


Sales Research Engineer 


chanical fastening devices. 


. Residual elasticity of the ad- 


hesive bond, particularly with 
rubber-base types, serves to ab- 
sorb some of the stresses created 
by flexing, vibration, and differ- 
ences in coefficients of expansion. 


. Weight factor is generally lower, 


because the weight of adhesive 
required is usually less than that 
of the mechanical fastener it re- 
places. Also use of lighter gage 
materials is possible. 


. By eliminating voids and gaps, 


smoother contours can be 
achieved. Although of some mi- 
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Smoke sheet 
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100 150 200 


Volume Swell (per cent) 


Fig. 2—Per cent swell by volume of synthetic rubbers 
immersed for 30 days in aliphatic (SR-10) fuel main- 
tained at room temperature 
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no. importance from an aes- 
thetic standpoint, this is of ma- 
jor importance from an aerody- 
namic or safety standpoint in 
many applications. 

5. Adhesives allow the fabrication 
of complex shapes which might 
not be possible with conventional 
fasteners. 

6. Some adhesives have an electri- 
cal insulating effect which allows 
them to function as a barrier to 
galvanic corrosion between ad- 
joining members of dissimilar 
metals, In some cases, this prop- 
erty does necessitate special 
grounding of electrical units to 
surfaces not insulated by ad- 
hesive. 

7. An additional corrosion protec- 
tion factor is often provided by 
the continuous film of adhesive 
which prevents passage of cor- 
rosive gases, dusts, fluids, and 
moisture between mated surfaces 
and into interior voids. 

8. In general, adhesives can be ap- 
plied more rapidly than most 
fastening devices; a clean surface 
is the primary preparation re- 
quired (no drilling, aligning, 
bucking rivets, etc.). However, 
it is recognized that allowances 
in production set-up time must 
be made for drying and curing 
intervals. 

9. Almost any adhesive compound 
is capable of application or boad- 
ing in a variety of ways, provid- 
ing flexibility of process or adapt- 
ability to other production steps. 

10. Where separation of joined parts 
is desirable for replacement or 
repairs, application of heat or 
proper solvent will often allow 
this to be done without appre- 
ciable damage to any of the 
separate components. 


Types and Properties: In the 
overall adhesive field, the growth 
in commercial importance of rub- 
ber-base adhesives and sealants in 
particular has been at least as im- 
pressive as that of the many other 
types of adhesives. These mate- 
rials have unique properties which 
suit them for numerous special 
bonding operations. The solvent- 
release types form strong bonds 
immediately after assembly and 
eliminate the necessity of using 
heat, clamps, or other mechanical 
or special means of effecting the 
bond which are always inconveni- 
ent and in some cases completel: 
impractical. The rubber-type ad- 
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hesives, because of their flexibility 
and nonrigid bonds are resistant to 
vibration and flexing and can with- 
stand sudden extreme changes in 
temperature. 

WATER AND WEATHER-RESISTANT 
ADHESIVES: Types such as those 
conforming to MIL-C-5092, Type 1, 
are the simplest ones used by the 
industry. These products are util- 
izec in bonding felt, fabric, wood, 
asbestos, and paper to themselves 
and to aluminum surfaces where 
there is no requirement for oil or 
fuel resistance. Adhesives of this 
group should have the most favor- 
able application characteristics and 
the easiest cleanup properties. Re- 
claim rubber and GR-S formula- 
tions are qualified under this speci- 
fication and are broadly used. Both 
types of materials make use of a 
relatively inexpensive elastomer 
and the least expensive adhesive 
solvents, such as naphtha or sim- 
ilar petroleum fractions. They are 
easy to clean up and fall in the rel- 
atively inexpensive price class of 
$2 to $3 per gallon. They have 
good resistance to water and gen- 
erally adequate weathering charac- 
teristics. 

OIL-RESISTANT ADHESIVES: Bond- 
ing of neoprene tubing, sheeting, 
foam, and gaskets to themselves 
and to vinyl is usually accomp- 
lished by neoprene adhesives like 
those conforming to MIL-C-5092, 
Tyne 2. In this case, since high oil 
resistance is required and specific 
adhesion to neoprene is essential, 
the reclaim rubber and GR-S type 
adhesives are entirely unsuitable. 
The application of neoprene ad- 
hesives is somewhat more difficult 
than that of the first class of mate- 
rials discussed but is considerably 


easier than the applicz.tion of other 
synthec.c adaesives. ivcuprene as 
an adhesive base .equires the use 
of xylene or related aromatic hy- 
drocarbon solvents, which are more 
expensive than naphtha but far 
cheaper than the esters and ke- 
tones required by other synthetics. 
Due to their relative ease of appli- 
cation and price of $4 to $5 per gal- 
lon, neoprene adhesives are widely 
used in the automotive and aircraft 
industries. The principal handicap 
of neoprene adhesives is their tend- 
ency to gel while standing, but in- 
tensive effort is being devoted to 
correcting this deficiency. 

AROMATIC FUEL-RESISTANT AD- 
HESIVES: Products like those con- 
forming to specification MIL-C- 
5092, Type 3, must be suitable for 
use in bonding nitrile rubber tub- 
ing, foam, sheeting, and gaskets to 
themselves and metal and in areas 
which come in direct contact with 
aromatic fuels. These adhesives 
also must withstand the plasti- 
cizers in nitrile or vinyl stocks and 
thus give permanent bonds between 
highly plasticized materials, None 
of the presently known elastomers 
meet these requirements except 
the nitrile rubbers. These Buna-N 
materials are expensive and are 
difficult to process. They require 
the relatively expensive esters or 
ketones as solvents, and as a result, 
sell for about $5 to $6 per gallon, 
have a short bonding range and 
are relatively difficult to use. They 
are, however, broadly used for a 
number of operations in which 
other adhesive types are entirely 
unsatisfactory. 

ALIPHATIC FUEL-RESISTANT AD- 
HESIVES: The Air Force specifica- 
tion MIL-C-4003 requires an ad- 


Table 1—Comparison of Adhesive Rubbers 








Spe- Resil- Tensile  Uiti- Ali- 
Price* cific iency Strength mate High phatic 
Rubber (cents/ Grav- Elonga- Natural Temp. Re- Best 
Type Ib) ity tion Aging Aging? sistance Solvent8 
Natural 60 0.93 Best Best Best Average Best Poor Petroleum 
Neoprene 45 1.25 Good Good Good Good Average Average Aromatic 
GR-S 24 0.94 Average Fair Fair Fair Fair Poor Petroleum 
Nitrile (Buna-N) 50 1.00 Average Average Fair Fair Fair Good Ketone 
Polysulfide Chlorinated 
(Thiokel) 100 1.27 Poor Poor Poor Good Poor Best Hyd — 
n 


*Approximate market prices per dry pound in December 1952. tResistance to aging at 200 to 300 
F temperatures. §Solvents rated ‘‘best’’ considering both solvency and cost. 
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hesive which meets almost all the 
performance requirements of the 
previous three types. The nitrile 
rubber formulations which comply 
with this specification have slightly 
more favorable application charac- 
teristics than the products referred 
to in the previous classifications, 
but they are still far more difficult 
to apply than reclaim rubber and 
GR-S formulations, or neoprene. 
Materials conforming to this speci- 
fication are the nearest general- 
purpose adhesives known to the in- 
dustry. They have the limitation 
of not being resistant to continuous 
immersion in aromatic fuels, but 
their resistance to aliphatic types 
is excellent. These adhesives can 
be used for almost any aircraft 
bonding application except high- 
strength metal-to-metal bonds, and 
they are therefore used in most re- 
pair work. In new plane construc- 
tion, the industry seems to prefer 
the less expensive, easier-to-apply 
adhesives in all locations where 
they are suitable. 


SPECIAL - PURPOSE ADHESIVES: 


Each class of adhesive described 
previously has its own particular 
merits and weaknesses; but each 
of them can be successfully used 
for a wide variety of applications, 
and hence they are usually referred 
to as general-purpose adhesives. 


There are a few materials which 
are so highly specialized that they 
have a ve.y limited usage. For ex- 
ample, the adhesive required under 
Air Force specification No. 26610 
must bond cured nitrile rubber 
patches to cured nitrile rubber lin- 
ers in both self-sealing and collaps- 
ible fuel cells; this bond must not 
be deteriorated even after several 
years of constant immersion in aro- 
matic fuels. The resin-base adhe- 
sive which is widely used for this 
application has beea exceptionally 
successful in fuel cell repair, but up 
to the present time has never been 
used on a major scale for any other 
application. 

RUBBER-BASE SEALERS: Perhaps 
the most important and difficult 
requirements for rubber-base seal- 
ers are those encountered in the 
sealing of integral fuel tanks. The 
most broadly used sealants of this 
kind, complying with specification 
MIL-S-7502, are those based on 
Thiokol liquid polymers. These 
compounded viscous forms of 100 
per cent Thiokol polymers are cata- 
lyzed by the addition of proper ac- 
tivators and then used in the 4 to 
5-hour working time before the 
sealant sets up. In 24 to 48 hours 
these products cure to a rubbery 
mass which has exceptionally good 
resistance to low-temperature vi- 
bration and exposure to aromatic 
fuel. These sealants are also out- 
standing because they relax under 














pressure, and therefore remain in 
place even after the metal mem- 
bers which they seal have been 
disturbed. 

Water-dispersed pastes of Thio- 
kol latex base are also used for in- 
tegral tank sealing in aircraft 
which are not subject to extremely 
low temperatures or extremely 
high altitudes. The principal ad- 
vantage of these water-type putties 
over liquid polymer or LP-2 types 
is in their ease of application, 

SPECIAL-PURPOSE SEALERS: Like 
adhesives, there are some require- 
ments for sealants in aircraft 
which require special-purpose ma- 
terials. An example is the so-called 
fire wall sealant, which is used to 
prevent flash fires from spreading 
beyond the engine compartment 
and which must resist temperatures 
up to 2000 F for brief periods of 
time. Fortunately, it is not neces- 
sary for this product to retain its 
rubbery properties after exposure 
to this temperature. It is therefore 
possible to use an inorganic base 
which is bound together by an 
elastomer. Upon heating, the elas- 
tomer is burned away and the in- 
organic material is fused to a con- 
tinuous mass. 

POTTING COMPOUNDS: Experience 
has demonstrated the absolute need 
for potting compounds in certain 
types of electrical connections. 
Without proper protection some 
electrical connections will corrode 
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OSTUCO 
TUBING 
is versatile! 


a basic material in better design 


From industry’s drawing boards come 
more and more plans for products using 
OsTuco Steel Tubing. Strong, light weight, 
easy to form, OstTuco Tubing is found in 
everything from shock-absorbers to sew- 
ing machines and tricycles to table lamps. 
Biggest users of OsTuco Tubing are in- 
dustries famed for their standards of high 
quality— manufacturers of aircraft, auto- 
mobiles, appliances, electric products, 
tools, and machinery. 


From Your Blueprint .. . to Your Product 








OHIO SEAMLESS TUBE DIVISION 
of Copperweld Steel Company 
Manufacturers and Fabricators of Seamless and Electric Welded Steel Tubing 

Plant and General Offices: SHELBY, OHIO 


Having our own steel source as a member 
of the Copperweld family and with facili- 
ties modernized and greatly expanded, The 
Ohio Seamless Tube Company is now, more 
than ever, your best single source... a tub- 
ing specialist that manufacturers, forges 
and fabricates all at one plant. Consult our 
experienced engineers about OsTuco Tub- 
ing for your current requirement or for 
redesigning your products. Write for new 
informative catalog, “Ostuco Tubing.” 


OsTuco 

























OSTUCO TUBING 


T 


SALES OFFICES: Birmingham, P. O. Box 2021 * Chicago, Civic Opera Bidg., 20 N. Wacker Dr. 
Cleveland, 1328 Citizens Bidg. * Dayton, 511 Salem Ave. * Detroit, 520 W. Eight Mile Road, 
Ferndale * Houston, P. O. Box 17007 © Los Angeles, Suite 300-170 So. Beverly 
Drive, Beverly Hills * Moline, 617 15th St. © New York, 70 East 45th St. © Philadelphia, 
2004 Packard Bidg., 15th & Chestnut © Pittsburgh, 1206 Pinewood Drive * St. Lovis, 1230 
North Main St. * Seattle, 3104 Smith Tower * Syracuse, 2350 Bellevue Ave. * Tulsa, 245 Ken- 
nedy Bldg. * Wichita, 622 E. Third St. * Canadian Representative: Railway & Power Corp., Lid. 
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LET THESE MOTORS 
Tom Celt Sli an Me feo) df 


totally enclosed 
motor—a frame 


SMITHwa 
fan-coole 
within a frame and both are 
cast iron. Efficient, high-ca- 
pacity, double-locke fan 
orces air through self-clean- 
ing ducts. Heat is dissipated— 
dirt, dust and corrosive vapors 
can’t get into the sealed motor. 





SMITHway totally enclosed 
non-ventilated motor. Stand- 
ard NEMA frames. Cast iron 
construction of all exposed 
parts keeps these motors, by 
the thousands, on the job re- 
gardless of dust, dirt and cor- 
rosive conditions. Available in 
ratings from 1 to 5 HP. 























Cast iron construction is one of the 
many outstanding features which 
makes these motors superior under 
service conditions involving dirt, 
dust and corrosion. Cast iron frame, 
cast iron end bells—the complete 
enclosure is cast iron —all exposed 
parts are cast iron. Ideal for petro- 
leum, chemical and other rugged 
industrial applications. 


SMITHway totally enclosed fan- 
cooled motors are built to standard 
NEMA frames to meet the highest 
standards of electrical performance. 
TEFC motors are built in sizes from 
5 to 125 HP. Parts and service avail- 
able throughout U.S.A. Get com- 
plete information from nearest office 
or write today. 








S715 SMiTMway STREET, LOS ANGELES 22, CALIFORNIA + 1000 WEBSTER STREET, DAYTON 4, ONO 
Offices in Principal Cities. International Division, Milwaukee 1. 
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to the point where the current 
is cut off and the equipment will 
not operate properly. It seems like- 
ly that within the next year or two 
the aircraft industry will use pot- 
ting compounds on a very much 
greater scale than they have been 
used in the past. The most pro- 
mising materials so far developed 
for this application are of a 
Thiokol LP-2 type. 





Compounding: Adhesive manu- 
facturers are often accused of put- 
ting gold dust in their aircraft ad- 
hesives. Most of the engineers who 
use these adhesives understand the 
basic differences in the various 
elastomer compounds, typical uses 
of which have been given. These 
engineers also know something 
about the progress which the rub- 
ber industry has made through 
compounding. They therefore quite 
justifiably wonder why the ad- 
hesive manufacturers do not learn 
to compound from neoprene or 
nitrile rubbers products which have 
the properties of the Thiokols; or 
why the manufacturers do not 
make adhesives from GR-S which 
would be adequate _replacements 
for the more expensive neoprene 
products. 

It is true that compounding can 
accomplish veritable miracles with 
a given rubber polymer. The first 
classical example of this was the 
discovery of sulfur vulcanization, 
which transformed natural rubber 
from an interesting plaything with 
little practical value into the re- 
markable tool of industry which 
it constitutes today. The use of 
carbon black as a reinforcing pig- 
ment was the second milestone in 
the evolution of rubber compound- 
ing techniques. This compounding 
discovery increased the abrasion 
resistance of natural rubber many- 
fold ard made vossible the modern 
automobile and truck tires. 

Compounding of rubber has done 
much more toward enhancing phys- 
ical properties than it has toward 
changing chemical properties. For 
manv vears hundreds of canable 
rubber chemists—tried in vain to 
learn how to comvound a natural 
rubber stock with  oil-resistant 
nronerties. In this fruitless quest 
thev could be likened to the al- 
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Vibration Engineering 
| 


that solves your problems 


@eeseeeeeeooeeeoeoeoeoeoeoRBeeeeeeeeee © we 


PROBLEM: To locate vibration 


and measure it 


. 
. 
. 


To LICK VIBRATION you've got to locate it 
first. That’s a job for which the MB Vi- 
bration Pickup was developed. It has the 
sensitivity needed to detect the faintest vi- 
bration—the stamina to withstand the 


_ strongest. 


When fastened to the product, compo- 
nent or structure under test, this pickup 
faithfully converts vibratory motion into 
elecrical output. Its signal can be seen and 
studied on the oscilloscope; or measured by 
meter such as the direct-reading MB Vibra- 
tion Meter; or fed to vibration analyzer. 

The pickup is usable from 5 to 2000 cps 
in horizontal or vertical operation. Magnetic 
damping assures calibration stability. Light- 
weight moving coil and low-friction pivot- 





Illustrated here is the MB Type 122 Vibration Pickup 
developed for jet engine testing, 1t withstands 500° F. 


ing account for the pickup’s wide range of 
serviceability. 

Today, this unusual instrument is being 
found indispensable for accurate vibration 
detection. It’s one more reason why MB is 
known as headquarters for the answers to 
vibration problems—including those in 
shake testing, measurements, vibration iso- 
lation and shock mounting. Full details on 
pickups in Bulletin No. 124-3. Write us. 


Double duty vibration exciter 


Specification MIL-E-5272 and other vibration testing specifications can be 
met with the Model C-1 Shaker. It develops 50 pounds of force. An electro- 
magnetic shaker, it features easy, continuous control of force and frequency. 
It also serves as a calibrator for vibration pickups. 

The technique of calibration has been thoroughly presented in MB’s book- 
let entitled “The Calibration of Vibration Pickups to 2000 cps.” Send for 


Book let C-11-3. 


1060 STATE STREET, NEW HAVEN 11, CONN. 


THE MB MANUFACTURING COMPANY, Inc. 


PRODUCTS AND EQUIPMENT TO CONTROL VIBRATION * TO MEASURE IT © TO REPRODUCE IT 
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OFFICIAL U. S. NAVY PHOTO TAKEN OFF OAHU, HAWAII 


UP FROM THE SEA comes fabulous 


Motor Stamina for Industry! 


Over half a century of service aboard U.S. Navy submarines 
— where dependability means life itself —has bred tremen- 
dous stamina into ELECTRO DYNAMIC industrial motors. 
This inheritance of extra dependability, proved during years 
of gruelling duty under the 









: : One-piece Extra large 
sea, explains the amazing per- cast iron *“free-flo”’ air 
frames. channels. 





formance records being es- 
tablished by E.D. motors in 
industry today. 


From 1 to 250 h.p. 


(N. E. M.A. STANDARDS) 











WRITE TODAY FOR 












CATALOGUE 

eatin Permanently Liberal size 
aligned cast grease lubri- 
iron brackets. cated bearings. 






Also a complete line of Direct Current motors ond generators 


ELECTRO @ DYNAMIC 


DIVISION OF GENERAL DYNAMICS CORPORATION 
BAYONNE, NEW JERSEY 
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chemists of old, who tried to trans- 
form lead into gold. Even after 
neoprene, Thiokol and nitrile rub- 
bers became available commercial- 
ly, efforts were made to replace 
these specialty rubbers with inex- 
pensive natural and synthetic rub- 
bers. Since no appreciable success 
has come from all this effort, the 
rubber and adhesive compounder 
has learned to place emphasis on 
the selection of the proper elas- 
tomeric base as well as the use of 
the proper modifying agent. 

In TABLE 1 a comparison is made 
of rubbers used in adhesives and 
a few additional qualitative differ- 
ences between these elastomers are 
pointed out. Specific values of 
physical properties vary consider- 
ably with each separate grade and 
compounding. 








Fuel Resistance: To illustrate 
the comparative fuel resistance of 
the synthetic rubbers listed in 
TABLE 1 on a quantitative basis, 
consider the graphical presentation 
of the per cent swell while in SR-6 
and SR-10 fuels, as shown in Figs. 
1 and 2. The materials were im- 
mersed in the fuels for 30 days and 
the fuels were maintained at room 
temperature. These graphs de- 
monstrate the unusually low swell 
and, therefore, excellent fuel resist- 
ance of Thiokol and nitrile rubbers. 
It will be observed that the ad- 
vantage of Thiokol over nitrile rub- 
ber is more apparent in the SR-6 
fuel, which contains 30 per cent 
aromatic hydrocarbon, than in the 
SR-10 fuel, which is 100 per cent 
aliphatic fuel. 


Low Temperature Properties: 
In view of the importance of low 
temperature performance of ad- 
hesives and sealers, the information 
in Fig. 3 is most pertinent. One 
of the most satisfactory ways of 
measuring low temperature proper- 
ties of rubbers has been found to 
be in terms of modulus. This rep- 
resents a measurement of strain 
resulting from an applied stress 
or the distortion resulting from an 
applied load. To obtain the data 
for this graph. dumbbell shaped 
samples of the elastomer were sub- 
jected to an angular torque witl 
the load and angle of deflection 
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Conventional type of Boiler Feed 
Pump; steel receiver mounted on 
steel cradle. Life expectancy, 5 
years (average). 


y 


Redesigned receiver, cast as a unit in 
Gray Iron. Life expectancy, 50 years. 


COST SAVINGS BUILT IN 
by practical use of GRAY IRON! 


In Boiler Feed Pumps, first cost is less important than long-time 
economy. Because water conditions often cause certain materials 
to deteriorate rapidly, replacement costs are frequently high. 


When a leading manufacturer replaced the conventional steel 
tank with a Gray Iron casting, here’s what happened: 


¢ In spite of somewhat higher initial cost, savings at the end 
of a 5-year period amounted to 38%— including replace- 
ment cost of steel tank, plus labor and fittings. This im- 
portant saving in replacement cost will be realized every 
5 years for approximately 50 years. 
e By designing for the cast Gray Iron receiver and sub- 
base mounting, space requirements were reduced—excess cag NEG 
piping, valves and fittings were eliminated. Boiler Feed Pumps with Gray Iron receivers, 
Have you analyzed your product for possible cost savings which hens 
can be accomplished by designing for and with Gray Iron? 
Write for technical information on the many advantages of the Make it Better with Gray Iron. . . 
Gray Iron casting process. Second largest industry in the metal-working field 


MACHINE DESIGN—August 1953 





Hopkins Volcanic 
Specialties, Inc., of Alliance, 
Ohio, uses the Roper F-10 
Pump as original equipment in 
their burner system. The 
pump, driven off the blower 
motor, supplies fuel oil to 
the unit. Hopkins Vol- 

canic Burners, adaptable 

to any size and design 

of dryer, are the result 

of 30 years experi- 

ence in the com- 

bustion engineer- 

ing field. 


FACTS YOU WANT TO KNOW 


About the Series F Pump 


* Series F Pumps available in 1-300 
G.P.M. sizes — pressures to 300 P.S.I. 
FOUR PORT DESIGN — eight optional 
piping arrangements, 4 CW and 4 CCW 
rotation, cuts installation time and costs. 
SLIDER COUPLING—on sizes 1 
through 20 G.P.M. permits positive 
smooth drive and maintains axial hy- 
draulic balance. HELICAL GEARS — of 
equal size, are heat treated and pre- 
cision ground. Flange type 
bronze bearings give ample 
support to pumping elements. 
MODEL shown has Packed 
Box; also made with Mechan- 
ical Seal. Relief valve models 

available. 

Send for Catalog 953 


Geo. D. Roper Corporation 
248 Blackhawk Park Avenue 


Rockford, Illinois 
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measured at the various temper- 
atures. 

The low temperature data in Fig. 
3 is based on comparisons of gum 
stocks. Improvement in low tem- 
perature flexibility of nitrile rub- 
bers can be obtained by the use of 
proper plasticizers. Under the con- 
ditions of this test, Thiokol retains 
its flexibility to approximately 
—65F, paracrill to —50F, and 
Hycar OR —15 to —5F. Under 
other test conditions, the brittle 
points might be found to be much 
lower but always in the same re- 
lative order. 


High Temperature Softening 
Points: The softening point of 
adhesives is particularly impor- 
tant in the automobile industry 
and somewhat important in the 
aircraft industry. The curves in 
Fig. 4 are based on data ob- 
tained from peel-back bonds of 
canvas to steel for four types 
of adhesives. The samples were 
allowed to stand for 15 minutes 
at each temperature, with a load of 
100 grams per inch of bond, before 
measuring the length of peel back 
on slippage. It will be observed 
that the reclaim bond began to slip 
at 155 F and soften markedly at 
220 F. The GR-S bond slipped at 
175 F and softened at 240F. The 
neoprene bond slipped a little at 
260 F but cured so rapidly at that 
temperature that it did not slip 
further even at 310F. The nitrile 
rubber bond cured before slipping 
and hence was unchanged through 
310 F. The cured neoprene and 
nitrile bonds did not soften further, 
but at 375 to 400F they failed by 
charring. 


Reinforcing Pigments and 
Fillers: Contrary to popular be- 
lief fillers are not used solely to 
reduce cost. They contribute many 
valuable properties. They often im- 
prove physical strength as shown 
by use of carbon black in auto- 
mobile tires to improve abrasion 
resistance and in synthetic rubbers 
to improve fuel resistance. Fillers 
may be necessary to reduce the 
tackiness of the binder and allow 
greater ease of handling of pre- 
coated surfaces. Fibrous fillers 
such as asbestos are of value where 


MACHINE DESIGN—August 1953 













* FULLY CROWNED 
ear TOOTH DESIGN 


*Trade Mark Reg. 


Solves Long-Standing Power 
icaied = > - ~+#«(‘ZTransmission Problems 


Eliminate Interference 
with Sleeve Tooth Fillet and 
Allow Contact on 
True Flank of 


Gear Tooth 





















Crowned Tip Con 
tacts Root of Internal 
Gear Tooth in Sleeve, Ax 
favigeh ill’ Piloting Sleeve 
with a Ball and 
Socket Action 


Crowned Flank 
Carries All the Load 
and Provides for Correc- 


tion of Lateral and Angular 


~~ OOS 


Misalignment 


Conditions, 





"Ths fundamental improvement in gear tooth design 
7 ; practically eliminates all “end tooth and tip” contact and 
Ameri provides greater freedom of axial movement. These and 
patil s LA gear other exclusive advantages of Amerigear Couplings distin- 
Dev fee guish them from common gear-type couplings. There are 
a Crowned Tooth Design numerous instances where the fully crowned tooth design 
- pds a of Power of Amerigear Couplings has been utilized to simplify power 
ssion Problems. ane ° yen 

transmission mechanisms and add reliability to performance 

in a measure heretofore considered impossible. 

















—_ewewew er or roar ae OO erllCUCrherlUrCTllUlU hcCOrlUCUCPhCOUlUSrElUC( CCU 


Oil sn aay Amerigear Couplings offer many more advantages than are 
a piiment fo obtainable with common basic designs. If your problem arises 
, Design, Perform- from excessive offset or angular misalignment, tight back- 


ance, and Effec- 
tiveness As Is the 
Amerigear Fully 
Crowned Tooth. 


lash requirement, space limitations, high speeds and loads, or 
any combination of these, it can be solved by the use of 
Amerigear Couplings. Amerigear Engineers are available 
for consultation. 


AMERICAN FLEXIBLE COUPLING COMPANY 


ERIE, PA., U.S.A. Originator of fhe Amerigear Fully Crowned Tooth 


YUM hil ify Sales Offices in Principal Industrial Centers 


‘scesteaadeataataatiass 





WLLL LLU, 
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WN 


Qs <r Ww Canada: Canadian Zurn Engineering, Ltd. © 2052 St Catherine St. W., Montreal 25, P.@. Canada 
Wedded Zi 








American Flexible mg Co., Erie, Pa., U. S. A. 
gene ESOL MSS tare Rig eee an 
Gearing of Conventional Gear-Type Catalog No. 501. - “y o 





tndieate gear teeth of conventional geor-type coupling.) | Rigen ot ee ee ae | gecevcosccosecnseseoe 
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application of greater thicknesses 
of material is desired. In many in- 
stances, the drying rate ef an ad- 
hesive may be increased by the ad- 
dition of proper fillers. 









Modifiers: For simplification 
“modifiers” refer to all the various 
materials that are used to change 
the properties of the binders. These 
include the following: 

















1. Accelerators and other cross- 
linking or polymerizing mate- 
rials are used with rubber and 
synthetic rubber. This category 
refers to the use of sulfur in 


THE PROBLEM 
natural rubber, reclaim rubber, 


TO PROVIDE A CONVENIENTLY OPERATED CONTROL sep Page Eos lag 


pounds along with the use of 
peroxides in the curing of 










The designer of a cabinet type oil heater had to pro- 









vide a manual control for an oil and air metering valve Thiokols 

which was placed at the bottom of the unit. He wanted 2. Plasticizers are the materials in- 

to place the control knob on the front of the heater tended peimentiy % decrease 
, ‘ brittleness; improve resiliency; 

where it could be easily seen and operated. To do and sometimes improve adhesion 

this meant bringing the control linkage around a 90° of the compound by enabling 


turn. To solve the problem, he chose better wetting of surfaces. Usual- 

, P 4 ly these ingredients improve the 
low-temperature flexibility, but 
at the same time adversely af- 


THE LOW- COST SOLUTION | fect the high temperature of fuel 


resistance of the binder. Plasti- 











° two categories—mechanical and 

In this way he was able to chemical. The mechanical type 
connect the control dial to includes the elastomeric mate- 
. rials, which modify the binder 

a rod running to the valve gusty ty ter pegdedl pre 
with a single part which ence. The chemical type of plas- 






ticizer is in effect the reverse of 


did not require alignment te 
the curing or vulcanizing agent 














and could be installed in a in that it usually functions by 
minimum amount of time. causing depolymerization or by 

. reducing the cross-linking of the 
The = result = | binder. The latter type is not 
pressive savings in as- employed as extensively as the 









sembly and manufactur- mechanical type of plasticizer. 
3. Tackifying agents include those 


ing costs, advantages that natural or synthetic resins which 
most designers gain when they use S.S. White flexible are added, where necessary, to 


. : improve the adhesion of the 
shafts to solve their remote control problems. | binder to various types of sur- 


faces, 

4. Stabilizing agents are chemicals 
added to improve the resistance 
of the base material to heat, 
light, or chemical breakdown. 














Get These Flexible Shaft Facts 

This 256-page flexible shaft handbook, contain- 
ing full facts on flexible shaft selection and appli- 
cation will be sent free if you write us direct on 
your business letterhead. 







Vehicles and Solvents: A few 


rubber-like adhesives or sealers 
yb « contain no volatile component such 
THE INDUSTRIAL DIVISION as the Thiokol LP-2 sealers. The 


majority of adhesives, coatings and 


‘ \. Dept. 4, 10 East 40th St. 
DENTAL MFG. CO G) - ~~ . sealants contain from 40 to 80 per 








NEW YORK 16, N. Y. cent solvent by volume. These sol- 
vents are necessary as the vehicles 





Western District Office * Times Building, Long Beach, California 
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TAPPING SCREWS 


TYPES OF TAPPING SCREWS 
oss VS “7 


HEX 
TRUSS FLAT ih recessed 


—E WITH SLOTTED, CLUTCH 


AVAILABL RECESSES 


OR PHILLIPS HEAD 


METAL 
POINTS AND THREADS THICKNESS 


er 
+ aimie 
Spaced thread with g 
~~ “ 
sht heet 
Gg s 


\ Pg, | 
ates tise % 

eke) J a? 
meta resin impregnated 
plywood asbestos come os 


tions etc 


In selecting Tapping 
Screws.it is extremely 
important to understand 
the proper application for ¥¢ Spaced thread » 
each type. The type you ~— éA E finer than type "A 
require will vary with: 1. kind mers 
of material; 2. thickness of ma- ; Be Sn cauices: ee, 2pee® 
terial; 3. the method used for mak- 4 

ing the hole.* 


Lamson Tapping Screws are precision 

made to insure maximum holding even 

in thin material, fully hardened to 

permit the thread crests to form clean 

threads without stripping hole. They 

are available in a wide range of head 

and point combinations. A “special” 

Tapping Screw to many ... is a‘“‘stock” | 

item at Lamson. ) cisco 


tapping screw 


ith pitches 
but with 
uses. Blunt 
same 
appearance 


better 


*This information is available in tabular form for 
easy reference. Write for as many copies as you need. 


The LAMSON & SESSIONS Co. 


1971 West 85th St. e Cleveland 2, Ohio 
Plants at Cleveland and Kent, Ohio « Birmingham « Chicago 


FOR PROMPT DELIVERY AND HELPFUL SERVICE, 
ORDER FROM YOUR LAMSON DISTRIBUTOR 


PIPE PLUGS “1035” PLACE BOLTS LOCK NUTS “BENT BOLTS” MACHINE SEMS 


Ideal for blind Forged steel, SET SCREWS With ‘Built-in’ Economical, Including U SCREWS Pre-assembled 
or hard-to-reach heat-treated. : spring action vibration proof. bolts, eye bolts, lockwashers on 
places. > poe vee, for positive | Can be used hook bolts, etc. | Clutch and | tapping and 
ate rele locking. repeatedly. Phillips recessed machine screws. 

head screws. 
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“AUTOMATISM” 


FOR GREATER PROFIT IN 


CHICKEN MASH 


An Eagle control panel auto- 
matically proportions § ingre- 
dients from ten bins onto a 
conveyor belt headed for a 
mixing chamber. Highest 
standards of control and 
faster production increase 
profit for the United Coop. 

Inc. at Fitchburg, 


application. Send your industrial ap- 
plication problem to Eagle, “know- 
how” engineers. 


EAGLE TIMERS 


WILL MAKE YOUR EAGLE SIGNAL 
Iedadliial lennen 


MACHINES 


AUTOMATIC 
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which put the basic materials in a 
form which allows easy applica- 
tion, and then they are volatilized 
to deposit a uniform film which 
performs the intended job. The 
proper solvent for any given com- 
pound is one which is capable of 
dissolving or dispersing the other 
ingredients, allows convenient ap- 
plication and volatilizes rapidly 
enough to be practical for the pro- 
duction or assembly operation in- 
volved. Since some of these prop- 
erties are mutually exclusive, it 
becomes necessary to compromise 
between the advantages of a high 
boiling solvent with a long working 
range and a low boiling solvent 
which causes the adhesive to dry 
rapidly. 

Obviously volatility of the sol- 
vent is not the only limiting fac- 
tor, since solubility of the binder 
enters into the picture. For na- 
tural rubber, reclaim rubber, and 
some synthetics, petroleum or 
naphtha-type solvents are widely 
used. For neoprene compounds, 
aromatic hydrocarbons are re- 
quired, for the Thiokol and nitrile 
types it is necessary to use ketones, 
esters, or chlorinated solvents. It 
is an unfortunate circumstance 
that the most expensive binders in 
general also require the most ex- 
pensive solvents, thus preventing 
balancing or offsetting of cost. 

It is sometimes possible to use 
a dispersed elastomer, such as 
Thiokol latex, or to disperse the 
basic ingredient in water. This has 
some advantages from a cost and 
ease-of-handling standpoint. The 
principal handicaps of water dis- 
persions in general are in their 
tendency to corrode metal surfaces 
on which they are applied, and 
their inability to withstand re- 
peated freezings and thawings. 


Future Possibilities: Constant ef- 
fort is being directed toward im- 
provement of present standard 
compounds in their convenience of 
application, durability of perfor- 
mance, and relative economy of 
use. Quite naturally, the bulk of 
such effort is concentrated on the 
modification of present commer- 
cially available elastomers. 

Use of adhesion-promoting ad- 
ditives in elastomers is an essential 
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Waldes Truarc Ring Saves‘2.84 Per Unit, 


Cuts Labor-Time and Materials in Hydraulic Packing Unit 





OLD STYLE stuffing box required skilled worker to install packing 
rings one at a time, then adjust packing glands by trial and error. 
Di assembly was equally difficult, time-consuming and costly. 


Hydraulic Accessories Company of 
Van Dyke, Michigan, uses a single 
Waldes Truarc Inverted Ring (in- 
ternal series 5008) to hold Mono- 
pak Cartridge in cylinder head. 

New design eliminates costly ma- 
chining and saves 2% Ibs. of mate- 
rial. Re-design with Waldes Truarc 
Retaining Ring reduces stuffing 
box diameter from 3'2” to 2%”, 
and reduces length from 57%” to 
434”. Allows savings in assembly, 
adjusting and testing. 








NEW DESIGN USING WALDES TRUARC RING 
PERMITTED THESE SAVINGS PER UNIT 


MACHINE TIME SAVED: 


Chucking, facing and boring . . .$ .72 
Drilling and tapping 3holes . . . .18 
Drilling and counterboring 3 holes . .12 
Assembling, adjusting, testing. . . .90 
MATERIAL SAVED: 

Pe Oe ke eel cw EB 
ee 
PSs ast oe SS ee Cee 
a es eae ee ee 





TOTAL $2.84 








NEW Monopak Cartridge is smaller, lighter, streamlined and in- 
stalled with one Truarc Retaining Ring. Disassembly and reas- 
sembly with new cartridge takes unskilled worker just 1 minute. 


Waldes Truarc Retaining Rings 
are precision-engineered ... quick 
and easy to assemble and dis- 
assemble. Always circular to give 
a never-failing grip. They can be 
used over and over again. There’s 
a Waldes Truarc Ring to answer 
every fastening problem. 

Find out what Waldes Truarc 
Retaining Rings can do for you. 
Send your blueprints to Waldes 
Truarc engineers for individual at- 
tention, without obligation. 


For precision internal grooving and undercutting ... Waldes Truarc Grooving Tool. 





a SEND FOR NEW CATALOG » | 
~/ WALDES pai 


l 

| 

| 

l 

| 
Company........ 
| 

| 

l 

l 
— 


REG. U. S. PAT. OFF. 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OR MORE OF THE FOLLOWING 
U.S. PATENTS: 2.362.947; 2.382.948: 2.416.852; 2.420.921: 2 426.341; 2.439.765; 2.441.046; 2.455.165 
2.483.380; 2.483.383; 2.487.802; 2.487.603, 2.491.306; 2.509.081 AND OTHER PATENTS PENDING 
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Name 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y. 


Please send me the new Waldes Truarc Retaining Ring 


MD 085 
(Please print) 
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ONLY ACT/VE FILTERING AREA COUNTS! 


MARVEL 
SYNCLINAL 


FILTERS 


GIVE YOU 


2% TIMES MORE ACT/VE FILTERING AREA 


sp eevescceeecess 


UNBALANCED 


MARVEL 
BY INACTIVE 
Tl 


BALANCED 
SYNCLINAL 
DESIGN 


SUMP TYPE 
(Cutaway) 


LINE TYPE FILTER AREA 


(Cutaway) 


MARVEL Synclinal FILTERS 0.E.M. CHOICE 


OF OVER 350 MANUFACTURERS 


It is not the total amount of filtering mesh that can be put into a filter unit but the amount 
of ACTIVE, WORKING filtering mesh that counts. Surplus filtering mesh fails to filter 
and slows the flow of filtered liquid because the tightly packed pleats of mesh soon be- 
come clogged with filtered out material MARVEL Synclinal FILTERS are balanced to 
provide maximum mesh area for all the liquid which can pass through the openings and 
allow necessary room for storage of accumulated foreign matter. This means greater effici- 
ency and insures a longer period of operation before removal and cleaning. Disassembly, 
cleaning and reassembly is so simple that ordinary workmen can do it quickly. 


Available in sump and line models, in capacities from 5 to 100 G.P.M., and in monel 
mesh sizes from 30 to 200. All models operate in any position. Line models may be ser- 
viced without disturbing pipe connections. For efficient filtration of liquids in all HY- 
DRAULIC and LOW PRESSURE SYSTEMS, Marvel has your answer. 


WATER FILTERS—Both our sump and line models are now adapted for use in all water 
filtering applications. There are no changes in the basic Synclinal design. 


Write for Complete Engineering Data — Specify Oil or Water 


MARVE MV igineering (Ompany | 


CHICAGO 6, ILLINOIS 


Meets a Ya £25 W. JACKSON BLVD. 


J.C. 
Standards 
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approach toward improving the 
performance of both adhesives and 
sealants. Isocyanates are being in- 
vestigated for this purpose because 
of their apparent beneficial effect 
on adhesion of elastomer com- 
pounds to both fabric and metal 
materials. 

The use of epoxy resins them- 
selves is well-known, but certain 
combinations of them with elas- 
tomers and/or other resins show 
definite promise in the formulation 
of improved potting compounds, 
fuel tank sealants, and related 
products. 

Silicone rubbers have also been 
known to the aircraft designer for 
quite some time. However, certain 
forms of them now available to the 
sealant compounder offer definite 
advantages in the extremely wide 
temperature performance range 
which they afford. Although these 
materials still lack resistance to 
aromatic fuel, much has been ac- 
complished in making them resist- 
ant to oil and aliphatic fuels. 

From a paper entitled “Rubber- 
like Adhesives and Sealants” pre- 
sented at the Seminar on Adhesives 
and Sealants sponsored by the 
Southern California Section of 
SAE in Los Angeles, Cwif., Janu- 
ary 1953. 


Fundamentals of 
Bimetal Performance 


By C. F. Alban 


Chief Engineer 
W. M. Chace Co. 
Detroit, Mich. 


HERMOSTATIC bimetal is 
composed of two or more 
lamina of metallic alloys having 
different coefficients of expansion 
and physical properties. Physical 
properties sought determine which 
alloys are to be used in combina- 
tion. Properties usually considered 
are coefficient of expansion, mod- 
ulus of elasticity, elastic limit after 
cold rolling, electrical conductivity, 
ductility, metallurgical stability, 
and strength at various tempera- 
tures. 
Each thermostatic bimetal must 
have a low and a high expanding 
lamina. Properties of the combina- 
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PAST EXPERIENCE 


determines the lube oil cooler choice 
for this new R-C SPIRAXIAL COMPRESSOR 


ROSS EXCHANGERS 


New in design and new in principle, within its ing copper and copper alloy Ross Type BCF 
range, this new Roots-Connersville Spiraxial Exchangers in a wide range of fully standardized 
Compressor has been introduced to bridge the designs pre-engineered to meet most require- 


gap between conventional Rotary Positive and ments. 
Centrifugal Compressors. For more information, write for Bulletin 1.1K5. 


To provide this new unit with safe, depend- 
able lube oil cooling, Roots-Connersville Blower, KEWANEE- Ross CORPORATION 


a Division of Dresser Industries, Inc., furnishes 1429 WEST AVENUE © BUFFALO 13, N. Y. 
a Réss Type BCF Exchanger. The “reasons why” In Canada: Kewanee-Ross of Canada Limited; Toronto 5, Ont. 
are quite natural. Roots-Connersville rotary gas 
boosters and multi-stage centrifugal blowers have 
been Ross Exchanger equipped for years. What 
better basis for selecting a component than first 
hand experience? 
... And just as past performance makes Ross 
Exchangers the logical choice as lube oil coolers 
here, so too have they become the logical choice 
of other leading manufacturers to safeguard tem- 
peratures in engines, speed increasers, turbines, 
pumps, torque converters and the like. 
Equally important to machinery and equip- 
ment builder is the ready availability of endur- 


Serving home and industry: AMERICAN-STANDARD © AMERICAN BLOWER © CHURCH SEATS A WALL THE © DETROITCONTROLS © KEWANEE BSOULERS © ROSS EXCHANGERS 
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SHOCK VIBRATION ee mo - 


ISOLATION NOTES. 





This NEW Product Bulletin gives YOU 
COMPLETE ENGINEERING DATA 
on ALL-METL BARRYMOUNTS 


Here’s what's in it for YOU: 


Transmissibility curves showing 5. Shock-characteristic data, includ- 
performance under test conditions ing curves showing vibration iso- 


of JAN-C-172A. lation after 15g shock test. 


; . Application data, including curves 
Curves showing reduction of trans- that show you how to choose iso- 
mitted acceleration and displace- lators for unsymmetrical loads. 


ment. , , , . 
Dimensioned drawings of unit 


isolators, channel pairs, and 


Curves showing how changes in e 
mounting bases. 


loading affect transmissibility at 
resonance and natural frequency 
for vertical motion. 


Detailed data on the construction, 
operating principle, and weights 
of mounts and bases. 


Curves showing effect of high and . A complete list of load ratings 


low temperature on isolator per- and catalog numbers for unit iso- 
formance. lators, channel pairs, and bases. 





We'll be glad to send you a FREE COPY of this, the first really comprehensive 
bulletin on knitted-wire vibration isolators. Ask for Barry Product Bulletin 534. 
And, if you have a special problem, count on getting the right answer from 
our Field Engineering Service. 


722 PLEASANT ST., "WATERTOWN 72, MASSACHUSETTS 





| Design Abstracts 





tion may be modified by the inser- 
tion of a third layer in the center. 
This is usually done to optam the 
electrical characteristics desired. 

The fundamental property of all 
thermostatic bimetals is the ability 
to change curvature with temper- 
ature change. With change in curv- 
ature a force is developed. This 
force is the same as that developed 
when a beam is bent or curved an 
equal distance. 

Thus, thermostatic bimetal is a 
simple, rugged method of changing 
heat into mechanical work. Mech- 
anical work developed with temper- 
ature change is the basis of many 
modern controls or devices. 


Composition: Low expanding 
laminae are generally selected from 
nickel-iron alloys of 36 to 50 per 
cent nickel. Lowest coefficient of 
expansion occurs with 36 per cent 
nickel-iron, which will provide the 
highest deflection rate for a given 
thermostatic bimetal for tempera- 
tures up to approximately 350 F. 
This temperature called the inflec- 
tion temperature is raised with in- 
creasing nickel content. However, 
maximum deflection rate is sacri- 
ficed for higher inflection temper- 
ature. For example, with a 50 per 
cent nickel-iron low-expanding lam- 
ina, practically straight line de- 
flection is obtained up to 800F. 

High-expanding laminae are gen- 
eraily selected from the _ nickel- 
chromium-iron series. The best all- 
purpose bimetals use these alloys. 
They have useful deflection proper- 
ties up to approximately 800F. 
However, in recent years an alloy 
of 72 per cent manganese, 18 per 
cent copper, and 10 per cent nickel 
has come into prominence, but its 
use is limited to temperatures up 
to 400F. This alloy has an un- 
usually high expansion coefficient 
and makes possible a thermostatic 
bimetal with an exceptionally high 
deflection rate. 


Bonding: Some unusual metal- 
lurgical problems have been pre- 
sented by the bonding or laminat- 
ing of the various alloys into an 
integral sheet. It is desired to 
utiiize all of the physical properties 
to the best advantage, which rules 
out any methods using brazing or 
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soldering. The various laminae are 
joined together by diffusion weld- 
ing. This is welding in the solid 
state without the use of any inter- 
mediate material. In this process, 
temperature, pressure atmosphere, 
and surface preparation are the 
important factors. 


Maximum Safe Stresses: When 
the combination of thermal and 
mechanical stresses exceeds the 
elastic limit of the thermostatic 
bimetal element, a permanent set 
occurs. This results in a change 
in calibration of the thermostat 
in which the element is used and is 
generally progressive if the un- 
favorable conditions are continued. 
It must also be recognized that there 
are other factors which may cause 
the thermostat to change its cali- 
bration. Among these factors are 
weak mounting, relieving of mech- 
anical stresses in associated struc- 
tural members, excessive restraint 
of thermal deflection, shock, cor- 
rosive conditions, changes in the 
electrical contacts, and stresses 
set up in mounting the thermostat. 

Long term tests have been run 
below the elastic limit to determine 
the effect of time. Any precipita- 
tion hardening effects must not be 
present in bimetal components. A 
gain in hardness on a durability 
test usually is indicative of these 
effects. Dimensional changes usual- 
ly accompany hardening of this 
type and entail a change in cali- 
bration of the thermostat in which 
this type of bimetal was used. Also 
on durability tests there should not 
be an appreciable drop in hard- 
ness. 


Applications: In the past there 
have been applications where ther- 
mostatic bimetal was misapplied. 
Stresses and temperatures have 
been too high, corrosion and ero- 
sion have been problems and poorly 
constructed devices with inferior 
materials have caused troubles. 

The thermostatic bimetal ele- 
ment is usually blamed for all trou- 
bles. The fact that a loose, weak 
mounting was used is sometimes 
overlooked. All components should 
receive careful attention from the 
designer. Careful selection of all 

(Continued on Page 282) 
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ITHOFORM"®| 


Es paint stick to 
galvanized iron 

and other zinc or 
cadmium surfaces 


"PROBLEM: 


J "SOLUTION: 


| 


- 


To eliminate the peeling of paint from zinc 
and zinc-coated structures or products. 


Treat all zine surfaces with "LITHOFORM" 
before painting. “LITHOFORM" is a liquid 
zine phosphate coating chemical that can be 
applied by brushing or spraying at the Yard, 

or by dipping or spraying in industrial 
equipment. "“LITHOFORM" forms a durable bond 
for paint. It is economical; it eliminates 
frequent repainting; it protects both the 
paint finish and the metal underneath. 


Lee ane 


Send for our new descriptive falder on 
“LITHOFORM® and for information on your own 
particular metal protection problem. 


“LITHOFORM” meets Government Specifications. Specify 
“LITHOFORM” for all painting and refinishing work on 
zine and zinc-coated surtaces. 


Pioneefing Rem ” (cag Delopment St 1914 


_ AMERICAN CHE 








American Chemical Paint Co. 
Ambler, Pennsylvania 


Gentlemen: 


Please send me a free copy of your descriptive 


folder on “LITHOFORM.” 
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Are you assembling 1953 models 

with Socket Set Screws 

of 1930 design | 
? 







Take a look at the Socket Set Screws in many 1953 models of machine tools, 
plant apparatus, appliances, etc., and you'll find they are no different from 

















those used in 1930 or before. 


If you think there has been no change in such fasteners since 1930, you 
haven’t seen Parker-Kalon Ground Thread Socket Set Screws. 








Their clean, smooth, shining threads assure easy keying, and faster assembly. 
But equally important is the design prestige P-K Ground Thread: Socket Set 
Screws give any product. Any buyer associates modern engineering and top- 
most quality with a gleaming thread finish he has seen before only on costly 
set screws of instrument precision. 





Compare them with any cut-thread socket set screws and you'll see the day- 
and-night difference. Then specify “P-K Ground Thread” on your next order. 
Put your product out in front, assembly-wise and sales-wise. 

For SAMPLES, ask your P-K Distributor, or write: Parker-Kalon Corpora- 
tion, 200 Varick St., New York 14. 








& 





PIPE PLUG 


Q 


CAP FLAT HEAD BUTTON HEAD SHOULDER SET HEX KEYS 
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27ARKER-KALON' 


whom, good. design. calls hor 
SOCKET SCREWS 


SOCKET SCREW 

DIMENSION FINDER 

Helps you plan assemblies. Pocket-size plastic chart gives 
tial di of all types of P-K Socket Screws. 

Includes Set Screw Point Dimensions, and Thread Length 

Formula. Available FREE from your P-K Distributor. 
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INDUSTRIAL 
DISTRIBUTOR 
steers your 
Supply Dollars 
to the best 


values. 
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» SEALOL 


Ses can 
__ cea! it 


Pumps, fluid transfers, flexible joints, hydraulic motors, hydraulic 
actuating devices . . . these and countless other products depend on 
Sealol for their maintenance-free performance. Sealol Balanced Pres- 
sure Seals are usually one of the smallest components in the equipment 
they serve . . . yet what a difference Sealol Seals make in operating 
efficiency! 

Sealol Seals are handling pressures up to 1500 psi, rubbing speeds 
to 15,000 FPM, operating temperatures to 500° F. The Sealol balanced 
pressure principle insures close control of face pressure at the point 
of sealing — resulting in low friction, low torque, minimum heat, and 
low power loss. Sealol performance improves product performance 

. . and reduces product maintenance. 

Let’s talk it over. Send for NEW Bulletin 7 giving complete details 
on Sealol Balanced Pressure Seals — or write giving details on your 
problem for engineering recommendations. Sealol ° 


Corporation, 3 Willard Avenue, Providence 5, R. |. 
. ° 

























Chicago * Cleveland * Houston * Los Angeles * Philadelphia 
Tulsa * Montreal, Canada * Flexibox, Ltd., Manchester, Eng. 
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(Continued from page 279) 


materials and their assembly is 
paramount. 

When bimetal thermostats 
change calibration with tempera- 
ture and time there is always a 
reason. Sometimes careful analy- 
sis of each component is required 
to locate the source of trouble. For 
example, consider a well construct- 
ed thermostat of the finest mate- 
rials available. Occasional changes 
in calibration occur in shipping dur- 
ing the winter. Examination shows 
that the bimetal is under mechan- 
ical restraint to obtain the required 
operating temperature. In this case 
additional stress is built up in the 
bimetal due to being transported 
through a cold area. Additional 
stress built up is sufficient to ex- 
ceed the elastic limit in the bimetal, 
and a change occurs. This could 
be baffling, as the thermostat was 
all right when it left the factory. 
Laboratory tests at the destination 
show the calibration is off for no 
apparent reason. This problem can 
be solved by either redesigning the 
thermostat or using a lower deflec- 
tion rate bimetal. 


Design Techniques 


Usually, the best method is to 
design a thermostat where the bi- 
metal is free to deflect until the con- 
trol temperature is reached. An- 
other method is to limit the stress- 
es within the elastic limit of the bi- 
metal. The most practical way of 
lowering stress is the selection of a 
bimetal with a lower deflection rate. 
If initial thermal restraint or me- 
chanical loading is present in the 
thermostat, this value will be less. 
The designer has to determine 
what these stresses are and allow 
for them. One severe test is to 
place the thermostat in dry ice over 
night. If no change in calibration 
occurs, the thermostat should be 
satisfactory from this stress stand- 
point. 

Another source of trouble en- 
countered in thermostatic devices 
using bimetal is friction. Latch sur- 
faces should be hard and polished. 
All other components should be 
made with a precision in keeping 
with the quality of the device. 
Some devices have shafts that 
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clothes come clean 
... at home 






| 
“Cleaner!” Whiter!” Quitker!” Those sprightly | 
soap jingles would be meaningless, without the 
help of the modern washing machine! ! 








The greatest compliment a housewife pays 
her washing machine is that she takes it for 
granted. She pushes a button...it operates 
automatically. On many of America’s best known 
washers and driers that button starts an Emerson- 
Electric motor. 











SE UC Me.lU rr ttCtC<‘ 





A background of 63 years of motor manu- 
facturing experience stands behind Emerson- 
Electric motor design and production, offering 
the right motor for every job, in ratings from 
1/20 to 5 h.p., or hermetic motors ¥% to 20 h.p. 









Consider the advantages of Emerson-Electric 
motors when planning your long-range pro- 
gram for top-flight leadership ratings on your | 
equipment. 


THE EMERSON ELECTRIC MFG. CO. 
St. Lovis 21, Mo. 









EMERSON - —- unique 
[wttepe 
SERVICE 


solves your power problems 














Our engineers are eager to work with yours in 
designing and providing the correct motor for 
contemplated new or improved appliances 
or equipment. “TWIN-GINEERING” 
saves costly engineering “back-tracking,” and 
may suggest short cuts and product improvement, 
Write today for Bulletin No. 434, 












Th Les 5 ELECTRIC 


MOTORS «+ FANS APPLIANCES 
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WAS MADE 


A color film with schematic animation 
and supporting narration ...to help you 
select connectors engineered to your re- 
quirements and operating conditions. 
Disconnect system? Number of con- 
tacts? Voltage? Amperage? These and 
other factors are covered in this helpful 
film. In addition you’ll learn how the 
printed Cannon Plug Guide (below) 
leads you to the right connector for any 
job. Request your free showing today. 


TO HELP YOU... 


CUR 


IF YOU WORK WITH ELECTRICAL 
OR ELECTRONIC CIRCUITS... 









RENT CAPACITY 
and its relation to contact spacing. 


‘\ hh 

























“Contact’’, a 30-minute, 16mm 
Kodachrome sound picture, 
costs you nothing except 2-way 
transportation charges. You 
furnish sound projector. 24- 
page printed Plug Guide will 
be furnished for each person 
viewing film. To avoid delay re- 
quest your booking for the film 
on coupon today. 




















MODERN TALKING PICTURE SERVICE, INC. 





ou 


th ~ 


SPACING AND NUMBER 


of contacts involyes many factors. 


CANNON ELECTRIC 


since 1915 


Main office and plant, Cannon Electric Company, Los 
Angeles 31, California. Factories in Los Angeles, New 
Haven, Toronto. Representatives in principal cities. 








AS. 


CANNON 
ELECTRIC 






45 Rockefeller Plaza, New York 20, N.Y. 


NAME 





FIRM. 





DATE TO BE SHOWN 


ALTERNATE DATES. 








ADDRESS. 





CITY. 


i 
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seize when heated or cooled. In 
these cases, the bimetal pulls itself 
up by its “boot straps” and a set 
occurs. 


Another testing technique is to 
operate the thermostat over a long 
period of time at the maximum 
temperature of use. Any change 
from any cause will show up as a 
decrease or increase in the tem- 
perature controlled. In the over- 
stressed parts this change can 
show up within an hour. Defective 
mountings and dimensional chang- 
es usually take longer. 


Modern thermostatic bimetals are 
sturdy and rugged materials. They 
can be formed, cut, punched, em- 
bossed, riveted, spot welded, silver 
brazed, or soldered. They have 
high elastic limits imparted by cold 
rolling and can do mechanical 
work proportional to the square of 
the temperature change. Tempera- 
ture change can be produced by 
heat from radiation, convection, 
conduction or electric current. 


From a paper of the same title 
presented at the AIEE Appliance 
Technical Conference in Louisville, 
Ky., April 1953. 


Limitations of 
Contour Forming 


By Dr. George Sachs 


Director of Metallurgical Research 
Syracuse University 
Syracuse, N. Y. 


CONTOUR forming can be ac- 

complished in a number of dif- 
ferent ways. As used here the term 
refers to the curving of both sheet 
metal sections and rolled, or ex- 
truded, shapes. Basically, this in- 
volves two distinctly different 
methods, either bending or stretch- 
ing. 

This discussion is primarily de- 
voted to the limitations of bending- 
type contour forming. The rather 
lengthy term is used to emphasize 
that contour forming of a thin- 
walled section is governed by rules 
which are more complex and conse- 
quently different from those which 
govern the bending of a solid, rec- 
tangular or circular cross-section. 
The bending of rectangular sec- 
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, é achines Corporation 
recently installed) 


: t first production model of the 
| IBM high-speed eleegmpnic calculator, the “701.” 
| Most recent suce esse 0 the pioneer large-scale digital calculator 
first developed by EB in 1944, the “701” solves 
in minutes a probletiy which would take one man, using 
a desk computer, seven years to complete. 


] = 































Miniature Precision Bearings, Incorporated, 
are the originators and pioneer developers of precision ball bearings in 1 
miniature sizes (1/10” to 5/16” o.d.). Exclusive mpsB methods assure thousands 
of discriminating customers ultra quality bearings for vital equipment. 
mpB ball bearings supply the unerring accuracy and proven dependability 
necessary in providing many devices with anti-friction qualities. mpB ball 
bearings function effectively with deft delicate responsiveness under extreme | 
operating conditions. They are fully ground, lapped, honed, and/or burnished 
to ABEC 5 tolerances or better. ? 
The possibilities offered by mp ball bearings are being profitably explored 
by leading instrument makers of the future. We would welcome the oppor- 









tunity to discuss the matter with you. Branch offices in New York and Boston 
and Engineering Representatives in Principal Cities are eager to serve you. 


Ask for detailed data sheets MD 8. 


Immediate delivery on most sizes and plant capacity 
to promptly meet your additional requirements. 


iniature precision Bearings 


Incorporated MAeB Keene, New Hampshire 
Wot 
save 


Chan» ae , , 
> Pioneer Precisionists to the World’s foremost instrument Manufacturers” sieserd 
weight 
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tions also comprises a border case 


_ of contour forming. 


Process Limitations: In genera! 
three types of failures may limit 
the process of contour forming and 
the usability of the formed part. 
These are: 


1. Metal cracking at some loca- 
tion on the outside or convex 
surface. 

- Metal wrinkling at the inside 
surface or part collapse. 

. Failure to conform to the desired 
shape because of springback. 


While all three failure types are 
of concern to the practical engi- 
neer, wrinkling, collapsing, and 
springback can be controlled to a 
considerable extent by construc- 
tional and operational measures. 
The limitations imposed by crack- 
ing depend entirely upon two fac- 


| tors which are frequently outside 


of the control of the shop: (1) the 
properties of the material and (2) 
the shape of the part. 

Cracking of a metal is usually 


_ caused by tension stresses acting, 


as a rule, in the direction perpen- 
dicular to that of the developing 
crack. For bending and contour 
forming the inside surface of the 
metal is subjected to tensions and 
stretching. 

Stretching of any material leads 
to failure if the stretch reaches 
certain limits. It has been recog- 
nized that this failure may be one 


| of two different types, either frac- 


turing or necking. In a convention- 
al tensile test on a ductile material, 
the originally prismatic or cylin- 


| drical length of the specimen first 
| stretches rather uniformly under 
| load until a certain limit called 
_“yniform elongation” is reached. 
| On further loading, the stretching 


becomes localized within a narrow 


| range, the “neck”, where the metal 


may be stretched much further be- 


| fore “fracturing’”’ occurs. However, 
_ for practical purposes of forming, 
| the tension process is terminated by 
| the necking. In a tension test it is 
_ not possible to retard the necking 
_ and utilize the total stretching 
_ ability or “ductility” of the metal. 


As a consequence, ductility has 
little influence on the forming lim- 
it of tension-type forming proc- 


esses such as curving by stretch 
| forming. Hereby the metal fails by 
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LOE Super 


pe you have a problem with heat transfer or 

sound control? Or are you looking for a 
lightweight, highly resilient, fire-resistant ma- 
terial to put a new idea to work? L-O-F Super: 
Fine Fiber-Glass may be the answer you’ve 
been seeking. 

Super’Fine is supplied in lightweight 
blankets. Millions of tiny glass fibers, held 
together with special binders, form tiny air 
cells. The glass fibers will not burn, mildew, 
rot, absorb moisture or odors, or support fungi. 


Only inorganic fibers, of which Super-Fine is: 


composed, have all these properties. Super: 
Fine is a superior insulation in its resistance 
to heat flow. 


Almost every major industry finds profit- 


possible... or help you do tt better 7 


able use for Super:Fine. It is used for insula- 
tion in aircraft, automobiles, railroad cars, 
ships, refrigerators, air conditioners, ducts, 
steel buildings and many others. 

But there’s more. Super-Fine has been 
used in profitable new ways such as chicken 
nests, blackboard erasers, protective wrapping 
and chrome cleaners, Other uses are being 
discovered daily. 

Put your imagination to work. Perhaps 
L-O-F Super-Fine Fiber-Glass is the magic 
matérial you’ve been seeking. Contact your 
nearest L-O-F office (offices in 26 major cities). 
Or write Libbey * Owens * Ford Glass Company, 
Fiber + Glass Division, 3683 Wayne Building, 
Toledo 3, Ohio. 


LIBBEY-OWENS-FORD GLASS COMPANY 
FIBER-GLASS DIVISION 
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i 
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Speaking of 


FURNAS 
CONTACTORS 
Lennox Furnace says, 
"Closest...to what 
we consider ideal 
for the residential 
air conditioning 
market.” 





New Size 2% 
Magnetic Contactor 


and Starter 


Now being offered... 
another in-between size 
that saves you money and 
space. Available in re- 
versing styles. Rated 20 hp 
at 208-550 v, 30 hp 

at 440-550 v 

ac polyphase; 

5 hp at 110v, 

10 hp at 

208-220 v 

ac single 

phase. Ask 

for bulletin 

on YG series. 








KEEPING LENNOX HOME 


AIR CONDITIONING SYSTEMS 
working efficiently and quietly is the job 
of Furnas Electric magnetic contactors. 
Frank Osborn, air conditioning en- 
gineer at Lennox Furnace Company, 
gives these reasons why he selected 
Furnas Electric contactors: 








QUIET OPERATION: 


Mr. Osborn likes Furnas Electric con- 
tactors because they are “relatively free 
of operating hum.” He comments: 
“quietness ...is of utmost importance 
in residential air conditioning applica- 
tions.” 


EFFECTIVE PERFORMANCE: 


Since residential air conditioning sys- 
tems are subject to wide voltage fluc- 
tuations, Osborn points out that the 
Furnas Electric contactor has a big ad- 
vantage with “its relatively low inrush 
and holding current characteristics.” 


LOW ORIGINAL COST: 


The price of Furnas Electric contactors 
is hard to beat. Compared with other 
types, Mr. Osborn says this: “Furnas con- 
tactor is in a price and duty range more 
compatible with the residential appliance 
market.” 


These are important reasons why Furnas 
Electric contactors are especially suited 
for use on air conditioning systems. 
Proved in performance in a wide range 
of applications, Furnas Electric equipment 
has built a record that speaks with 
authority. 


FURAAS 


Furnas Electric representatives are 
located in major cities coast to 
coast. For information and free bul- 
letin describing the complete line 
of Furnas motor controlequipment, 
write to Furnas Electric pany, 
1045 McKee St., Batavia, Illinois. 


| GG Ge ga ee ioe © 
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local necking. A rather brittle al- 
loy, therefore, may stretch form 
even more readily than a quite duc- 
tile metal. This is a well known 
fact in the aircraft industries which 
utilize the process of stretch form- 
ing to a considerable extent for 
producing curved shapes and other 
parts. 

In such processes as bending, the 
process is usually limited by frac- 
ture following. a correspondingly 
extensive uniform stretching. The 
performance of a simple rectangu- 
lar section on bending has been 
stated to comprise a borderline case 
of contour forming. The forming 
limit in bending is usually ex- 
pressed by the minimum bend ra- 
dius, R, or preferably by its ratio 
to the thickness, R/t, to which a 
rectangular section can be bent 
without failure. 

Recent investigations of the 
bending process have established 
two important facts: 


1. The bend radius depends upon 
the cross-sectional dimensions 
of a rectangular section. 

. This relation, i.e., the effect of 
the width-to-thickness ratio on 
the bend radius, is very different 
for different materials, and also 
for different tempers of the same 
metal. 


An annealed and ductile metal, 
such as aluminum alloy 75S im- 
mediately after quenching (from 
the heat treating temperature), 
will allow a very wide part to be 
bent only to a radius that is con- 
siderably larger than that for an 
approximately square section. This 
wide section can be also bent much 
further than a very narrow section. 
For a hard and comparatively brit- 
tle alloy, such as the fully hard- 
ened condition, 75S-T, of this alu- 
minum alloy, the differences are 
greatly reduced. Its bend radius is 
much larger than for the more 
ductile alloy if the section is wide. 
However, if the section is very 
narrow, both alloys approach near- 
ly identical bend radii. 

The wider the part, the less free 
it is to shrink or stretch trans- 
versely and thus to develop a sad- 
dleback contour. As a consequence, 
tensions develop at the outer sur 
face not only in the longitudinal 
but also in the transverse direc- 
tion. Such a “biaxiality” reduces 
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Field Consultants on Oil Hydraulics 


50 factory-trained application engineers 


Vickers Application Engineers are a group of 
50 specially trained and salaried men assigned 
to Vickers offices strategically located through- 
out the country. These men are selected for 
technical background and imagination. Each 
is given a very thorough training in Vickers 
plants before he goes to a field office. Train- 
ing includes all phases of oil hydraulics, both 
theory and practice. 

As a result, these men are uniquely qualified 
to help you in making hydraulics more use- 
ful to you and your customers. Their services 
take many forms . . . from complete circuit 
design to helping get the “bugs” out of a 
prototype machine. 





They have at their command the wealth of 
Vickers Hydraulics resources. Contact the 
nearest Vickers Application Engineering 
Office whenever you have a problem where 
oil hydraulics may be helpful. 





MIckERs 


Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1430 GAKMAN BLVD. e DETROIT 32, MICH. 


Application Engineering Offices: ATLANTA+ CHICAGO 
(Metropolitan) « CINCINNATI « CLEVELAND 
DETROIT « HOUSTON ¢ LOS ANGELES (Metropolitan) 
NEW YORK (Metropolitan) « PHILADELPHIA 
PITTSBURGH ¢ ROCHESTER « ROCKFORD « SEATTLE 
TULSA « WASHINGTON « WORCESTER 




















6358 
ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 
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A “BUILT-IN” ADJUSTMENT 
THAT ACTUALLY COSTS LESS 


Shims stamped from 
LAMINUM® look like 
solid metal but actually 
ore made up of from 
3 to 63 layers of .002 or 
-003 inch brass or steel. 


THAN NO ADJUSTMENT! 


... there's less machining and you can “‘take up” after wear. 





Think of this shim as an adjust- 
ment device. As used here, its cost 
was only 19¢. It’s made of our ex- 
clusive LAMINUM®, has 16 layers 
of .002” brass in one unit. 


It gives wide tolerances to the 
thrust gear housing, saving expen- 
sive machining time. 


It precisely preloads the bear- 
ing. Inner race rests on the collar, 


SHIM HEADQUARTERS SINCE 1913 


Check Our Stampings Division 


For Your Stamped Parts Requirements 


© 
1208 UNION STREET * 
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GCLENBROOK, 


marked by arrow. Outer race is 
“fixed” in the housing. Removal of 
a .002” shim lamination brings 
housing and outer race closer to 
main assembly. This gives the mi- 
nute preloading adjustment for best 
angular contact bearing operation. 


it ‘takes up’’ after wear. 
Removal of additional laminations 
makes simple, quick adjustment. 














CONNECTICUT 
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the ductility of any metal. A sys- 
tematic investigation of, the bend- 
ing process has shown that the 
transverse tensions and the biax- 
iality increase with the width of 
the section and that the ductility 
correspondingly decreases. 

Very narrow sections are found 
to fail by necking and not, by rup- 
turing. The behavior of narrow sec- 
tions on curving is decisive for 
the forming limit of many contour- 
formed parts. The bending of such 
narrow sections has shown that 
the narrower the section, the lower 
the necking strain which then com- 
prises the forming limit, while with 
increasing width the necking limit 
approaches the same value as the 
rupturing limit. 


More Data Needed 


On the basis of the foregoing it 
now becomes possible to evaluate 
the performance of contour-formed 
sections. At present, the data avail- 
able is very meager and not suf- 
ficient to predict the forming limit 
of any particular section in a spe- 
cific metal. The complexity of the 
problem is explained partly by the 
fact that rupturing and necking of 
two different portions of the sec- 
tion may compete with each other. 
In addition, the neutral plane of a 
section may be positioned closer to 
one surface than to another, and 
the surface strain at the outer sur- 
face decreases as the neutral plane 
approaches this surface. Finally 
the forming limit for either frac- 
turing or necking depends upon the 
strain gradient, i.e., the rate of 
change from stretching to shrink- 
ing over the height of the part. 

As a consequence of these com- 
plex and conflicting influences, the 
radius of curvature for a given 
material varies greatly, not only 
for different section shapes but 
also for any given section shape, 
depending upon the relative dimen- 
sions of its components. Consider- 
ing the large number of variables 
involved in this problem, it is clear 
that only very extensive systematic 
investigations will be able to supply 
satisfactory design data for a range 
of cross-sectional contours. 

From a paper entitled “Some 
Basic Relations in Contour Form- 
ing” presented at the Twenty-First 
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@ CORROSION? 


A number of years ago, Worthington’s 
chemical engineers developed the high- 
nickel, high-chromium, molybdenum al- 
loy, Worthite. The compiete line of 
Worthite chemical pumps withstands a 
wider range of corrosives, yet sells for 
less than most stainless steel pumps. 
Write for a free sample of Worthite to 
test in the various solutions your pumps 
may be called on to handle. 


3 
BS 


= xs 3 
INE ~ 





For further information on Centrifugal, Rotary or Worthite pumps, write to Worthington 
Corporation, Pump and Compressor Merchandising Division, Section PC.3.13, Harrison, 


New Jersey. 


Specify These Worthington Standard Products on Your Equipment 








COMPRESSORS : PUMPS : MULTI-V-DRIVES : 
AIR-COOLED, WATER-COOLED CENTRIFUGAL, ROTARY, QO SHEAVES AND V-BELTS 
STEAM, POWER 





Which of these 
pumping problems is 
costing you money? 


The wrong pumps can impair your product’s effi- 

ciency; the right one can greatly enhance it. To aid | 
in this selection, Worthington offers complete lines | 
of every major type pump. Here are three examples | 
of the way Worthington design overcomes specific 
pumping problems. 

























@ SPECIAL JOB CONDITIONS? 


Worthington’s standardization of parts, mountings, materials 
and dimensions gives you 60,000 centrifugal pump combina- 
tions (frame-mounted and Monobloc types) from which to 
choose the one that meets your needs exactly. This unequalled 
selection of standard pumps eliminates the slow, costly custom 
manufacture of the correct centrifugal pump for every job. 





@ HIGH VISCOSITY? 


Worthington rotary pumps use herringbone gears to handle 
viscous liquids at capacities up to 5000 gallons per minute 
against pressures to 500 psi. The herringbone gear design 
eliminates end thrust, trapping, and produces smooth, pulsa- 
tion-free flow. Four heavy-duty roller bearings placed close to 
the load prevent shaft deflection. 









PC 3.13 





VARIABLE SPEED DRIVES: 
WORTHINGTON ALLSPEED 
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Annual Meeting of the ASTE in 
Detroit, Mich., March 1953. 


Selecting and Specifying 


DESTRUCTIVE OLD AGE Materials 


By J. W. Frazier 


Materials Engineering 
Hughes Aircraft Co. 
Culver City, Calif. 


| 
} 
| 
| 


W HEN to select and specify 
materials could well have 
been a subject for debate thirty 
years ago. Selection could have 
been made at almost any stage of 
| producing an item. Lack of con- 
| cern or lack of knowledge or both, 
| contributed to disorganization of 
| effort on materials problems. To- 
day this is changed, but there still 
remain three stages during which 

| materials can be selected. 


1. Design (including preliminary 
and product) 

2. Production Engineering 

3. Manufacturing 


a Since manufacturing is guided 
Y the time you discover old age has attacked your by engineering requirements and 
important drawings — it’s too late. By then, the damage has specifications, it is generally con- 
been done. The time to effectively block old age is NOW — ceded that the selection of mate- 
while tomorrow’s drawings are still in the preparatory stage. rials should not be made at this 
The way to do it? Specify Arkwright Tracing Cloth. Arkwright point except in cases of extreme 
checks the destructive effects of old age. Arkwright won’t fray necessity. 
at the edges, turn brittle or opaque. You are assured perfect There is a general feeling that 
transparency, regardless of age. the need for materials begins with 
There are other reasons why it pays to work with Arkwright. the product engineer. This could 
This superior tracing cloth can “take” all the very well be true when his activ- 
erasing you're likely to give it in a month of ity includes product design, which 
Sundays — and still provide sharp, : it does in the majority of cases. 
clear lines. You need never worry = . However, product design should in 
about “feathering” or “blobbing” or = ea no way be confused with produc- 
a tion engineering whose objective 
| it is to plan for manufacturing. 
Material problems relative to se- 
lection should only be incidental 
by the time they reach production 
engineering. 
The increasing importance of 
_ complete design is becoming more 
| pronounced every day. Specifica- 
tions governing models, prototypes 
and design itself are tightening to 


SRM WRIGHT = bed 4 é the extent that machines are ex- 
. 4 : = pected to be designed as function- 

: 7 ° (bb j 4 aa 2 ty | ally and physically potential pro- 
Lacing -_ al duction items. This is not an un- 


imperfect blueprints. 

So insist on quality. You'll get it 
with Arkwright ... America’s Standard ( P.3 
for over 32 years. Arkwright wri 0 | 
Finishing Co., Industrial Trust Bldg., 3 
Providence, R. I. 


. s common requirement in many in- 
AMERICA’S STANDARD A ER . dustrial and government specifica- 
: Fs. ' tions and it will probably become 
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DUCTALLOY® CASTINGS GIVE KOPPERS FANS 


ang, Sc 


Aeromaster axial 

flow fans range up to 
24 ft. in diameter and 
ror-iha-tamok Mult camer 


ele lene lelemais 


Heart of each fan is its hub— 
made of Ductalloy 

to achieve sound, 

alto la sig-—tale Liameaettilalek: 


2 == 
NEW 
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1 Hubs 


EASILY CAST, EASILY MACHINED 


High performance fans made by the Aero- 
master Fan Department of Koppers Company, 
used in cooling towers near diesel engines and 
compressors, must withstand considerable ap- 
plied vibration in addition to normal oper- 
ating loads. For this reason cast steel was orig- 
inally specified to provide the necessary hub 
strength; but machining costs were excessive, 
surfaces were poor, and too many Castings 
were “lost” when machining revealed hidden 
defects. A switch to malleable iron only 
aggravated the problem of casting sound- 
ness. The answer was Ductalloy 60— 
Brake Shoe’s easily machined high 
strength ductile cast iron. 


ICHINE SHOP REJECTS ENDED 
Ductalloy 60 is a ferritic iron having 60,000 
psi minimum tensile strength, 40,000 psi min- 
imum yield strength and 10% minimum total 
elongation, all guaranteed. Use of this material 
has virtually eliminated the high scrap loss 
formerly encountered when defects were un- 
covered during machining of castings made in 
either steel or malleable iron. 


a’ 


your problem — Ductalloy may solve your 
problem if it involves economical production 
of complex metal shapes that are difficult to 
cast in steel, expensive to forge or lacking 
strength in gray iron. Brake Shoe’s experience, 
research laboratory and experimental foundry 
are available to help you best utilize Ductalloy’s 
unusual combination of characteristics. Write 
for this new technical bulletin today. 


DUCTALLOY castings are made by: 
BRAKE SHOE & CASTINGS DIVISION 
ENGINEERED CASTINGS DIVISION 


yr A a ES SE 8 Bee -€ 


YOR K 
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WHEN YOU WANT NYLON PERFORMANCE 
with low tooling cost...design with — more common. If this be true, it 


is not unreasonable to assume that 


: the basic selection and specifica- 
P 0 L of r E N c sd ROD, STRIP, TUBING tion of materials should be made 





in the design stage of a machine 
or even in the preliminary stage 
of design. Certainly, there is 
every opportunity for the mate- 
rials involved to be properly ac- 
counted for as their requirements 
are recognized. All materials 
problems cannot be completely re- 
solved in the design stage, but 
those that cannot should be re- 
duced to secondary importance 
and greatly simplified by this 
prior attention. Thus production 
engineering and manufacturing 
can be entered into with a higher 
| degree of assurance and engineers 
_ who are constantly working with 
materials will become “before the 
fact” diagnosticians, rather than 
“after the fact” trouble-shooters. 


Design Co-ordination: This phi- 

APPLICATIONS a rom Light weight losophy of materials selection and 

; Valve seats ; specification does not exclude the 

menage toe onal , ahgenneae os ossibility or desirability of co- 
Connectors Wearing oe Quiet operation P ; Z y . y 

ordination of materials problems 


screws—rivets Insulators Toughness . 
Coil forms CHARACTERISTICS Resilience between the design agency and the 
production engineering agency. 


Gears Abrasion resistance Low coefficients . 
Rollers Electrical insulation of friction The relationship between the two 
must be very close. Neither the 


designer nor production engineer 
You can fabricate parts readily (drill, tap, thread, turn, can be expected to cope with all of 


mill, blank) from standard shapes of POLYPENCO nylon me eomngnenttaes SNES pres- 
ent-day materials, but much is ac- 


on standard shop equipment. This keeps tooling cost complished when materials are se- 
lected and developed with the de- 
sign. This is where the need for 
, . P , materials and the requirements for 
Call on us for engineering help. We will tell you if nylon spetifiaaiingn bets Gike oain. 
is practical for the application, how to fabricate it—or we This is where fundamental control 
has its beginning. Countless spec- 
ifications and controls have been 
written and many, because of the 
firm groundwork from which they 
originated, continue to serve, but 
these like so many of their obso- 
lete predecessors are subject to 
revision and change if new design 
presents new specifications require- 
ments. 


Pp  @ ] 4 p E a | Cc ©] ty » L  @ ] Nw Before any material can be se- 


lected or specified, consideratior 
nylon and teflon* must be given to certain criteria 


stock shapes, finished parts which govern a choice. The de- 


gree of consideration will vary, but 
also available to your specifications consciously or unconsciously, the 


The POLYMER CORPORATION of Penna. + Reading, Penna. following factors must be invari- 


In Canada: C-H Engineering Company « Montreal « Toronto ably weighed in the mind of the 
* registered trademark of the Du Pont Compony a 


low and makes nylon economical without costly tooling. 


will fabricate it for you. Write for prices or technical data. 


engineer if he expects to make 2 
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THESE SPEED REDUCERS HANDLE 


A TOUGH JOB WITHOUT COMPLAINT 


Each of these Farrel® double-reduc- 
tion gear units is transmitting 920 HP. 
from a turbine to a Cooper-Bessemer 
M-Line compressor. They are located 
at the Billings (Montana) refinery of 
Continental Oil Company. 

This is a difficult assignment for 
any speed reducer. The high-speed 
operation (4000/300 RPM) really 
“tests” the design and workmanship 
of the gear unit. 

How well these two Farrel units 
have performed on this tough job is 
a matter of record—almost three years 
of continuous operation, with a mini- 
mum of down time for routine inspec- 





tion and maintenance. 

Farrel speed reducers have a num- 
ber of advantages which account for 
their outstanding performance 
records. The quiet, vibration-free 
operation of the herringbone gears 
results from extreme acccuracy of 
tooth spacing, contour and helix 
angle. — qualities inherent in the 
Farrel-Sykes method of gear genera- 
tion. Precision manufacture and 
highest-grade materials contribute to 
long gear life. 

Write for further details of these 
outstanding units. Ask for a copy of 
Bulletin 449. 


FARREL-BIRMINGHAM COMPANY, INC., ANSONIA, CONN. 


Plants: Ansonia and Derby, Conn., Buffalo, N. Y. 
Sales Offices: Ansonia, Buffalo, New York, Boston, Akron, Detroit, 
Chicago, Memphis, Minneapolis, Portland (Oregon), Los Angeles, Salt Lake City, New Orleans 


OIL FEELD REPRESENTATIVES 


Hercules-Lupfer Engine Sales Co., 124 N. Boston St., Tulsa 1, Okla. 
V. W. Osborne, 860-A M & M Building, Houston 2, Texas FB-814 


-Ctemingham 
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HARD AS A BOARD 


or soft as “cotton candy”, Felters 
Felt is available in practically any 
combination of thickness, hardness 
and color. See “Felters Design 
Book”, below. 
















FELTERS 


— JUST THE WAY 
YOU NEED IT, 

IN ANY SHAPE, 
THICKNESS, COLOR 
OR CONSISTENCY. 


















HOW PRODUCT PLANNING CAN BE HELPED 
WITH FELT BY FELTERS... 







VIBRATION/NOISE control can be 
accomplished by using Felters Felt in 
various grades, to eliminate up to 85% of 
transmitted vibration and noise. 
SURFACE FINISHES can be provided 

to meet your exact requirements . . . from a 
rough or fuzzy surface to a close sheared 
or sanded finish. 

WICKING from 1/16” to %” 

dia., and in special shapes, is made to 
meet your tolerance requirements. 

Flat, round or square, Felters 

wicking is always uniform 

from shipment to shipment. 


the FELTERS 


Company 





















218 South Street, Boston 11, Mass. 


ELT bs 


















Felt characteristics and 
specifications for vari- 
ous applications are des- 
cribed in the 16-page 
“Felters Design Book.”’ 
Just drop us a line for 
your copy. 
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wise decision on material selection. 


1. Engineering requirements 

2. Manufacturing requirements 
3. Availability 

4. Economics 


There are many more factors that 
could be enumerated, but in the 
final analysis these four items fur- 
nish a basic pattern for thought. 


Engineering Requirements: The 
designer’s first concern is usually 
with physical properties which can 
predetermine material selection on 
the basis of strength and func- 
tional characteristics and also con- 
stitute the framework for mate- 
rial specifications. His next 
thoughts are probably of service 
and environmental conditions with 
their related hazards, and finally 
he may try to evaluate expected 
performance. Then he decides on 
the materials to use. Several ma- 
terials are selected for one job and 
these are narrowed down to an 
ultimate choice as the design pro- 
gresses. Only one material may 
be chosen for a job and compensa- 
tion for some of its inadequacies 
may be made by changing the de- 
sign if warranted. If the design- 
er’s approach to the problem is 
sound, his selections will be essen- 
tially correct. 

The era of aeronautics permitted 
the relationship between strength 
and weight to reach full signif- 
icance. There is a world-wide 
trend toward the use of light- 
weight, high-strength materials in 
almost every type of industry. 
Supersonic flight continues to im- 
pose new and more demanding re- 
quirements on materials; ultra- 
modern electronic equipment pro- 
vides additional demands, and even 
a simple tool like the kitchen knife 
calls for more than just a piece of 
steel for a blade and a piece of 
wood for a handle. These con- 
stant changes are making the ma- 
terials situation more complex and 
are resulting in the discoveries of 
new materials that are capable of 
fulfillmg not one but several engi- 
neering requirements. One impor- 
tant fact is that these materials 
must be controlled more closely by 
specifications than ever before —- 
they have to be to prevent norma! 
complexity from becoming a night- 
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MMOLE design { by Soreng 


THE SORENG 
SOLENOID LATCH 
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comes the new 








Westinghouse 





setting a new standard in refrigeration convenience: 


This first solenoid latch ever designed is just another 
example of how Soreng works with industries to help 
create better and better products. Other refrigerator 
manufacturers will soon announce models featuring 
these doors that swing open at a touch—all using 
Soreng’s advance-design solenoids. Soreng specializes 
in high quality electrical components at production-line 
prices . . . custom designed, custom engineered, custom 
built to last the life of the devices on which they’re used. 

Our engineering service is available to you for the 
application of Soreng components to your product. 


° PRODUCTS CORPORATION 


9561 Soreng Ave., Schiller Park, If]. (Chicago Suburb) 
Plants: Schiller Park, lll., Frement, Ohie, Spring Valley, Ill. 











FULL FLOW 
fittings... 




























designed 

to stop 

hose pull-outs, 
too! 


... provided by Resistoflex medium-high 
pressure hydraulic hose assemblies 


That’s right — fitting bore matches hose I.D. on these hydraulic 
lines — eliminates flow restrictions in J.LC. fittings. 

When fitting is crimped, the hose’s high tensile compar tube 
forms no obstructing bulge; and the fitting is on for good with 
a grip exceeding tensile strength of the hose itself. 

Completely oilproof, the compar tube won’t gum and clog 
hydraulic systems. Its extra strength, plus that of high strength 
synthetic-fiber braid, eliminates need for wire braid in medium- 
- high pressure hydraulic circuits. With this non-metallic con- 
struction you get more hose value per dollar other ways, too: 
1. High burst strengths—stay high even as working age in- 

creases. 

2. High pull strength — more than 3500 lbs for %” hose. What’s 
more, couplings won’t pull out even under this tension. 

3. Long impulse life — virtually unlimited fatigue resistance to 
shock loads and impulses. Hose lasts longer. 

4. High impact strength—hose returns to original cross sec- 
tion after crushing load. 








LD. Worki Min. Burst Assembly Tensile 
(inches) | Pressure (eat) Pressure (psi) 4 (Ibs.) 
V 2300 9200 900 
: 2050 8200 2500 
4 1800 7200 3500 




















Write for Bulletin MH-1 














HOW YOU BENEFIT WITH “FLUOROFLEX-T” 
BACK UP RINGS —Made from “Teflon” resin, these 
anti-extrusion rings for “O” rings: (1) Resist heat; 
(2) Reduce friction; (3) Don’t fray, swell, q 
harden or soften in synthetic or natural oils; (4) 
Permit easier installation; (5) Increase life of the 
assembly. Write for Bulletin FR-1. 








RESISTOFLEX. ....0..:10 


Belleville 9, New Jersey 


SPECIALLY ENGINEERED FLEXIBLE RESISTANT PRODUCTS FOR INDUSTRY 
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mare. Engineering properties 
fundamentally dictate the choice 
of materials, and the design en- 
gineer must recognize that care in 
selection and specification of ma- 
terials is as important as the di- 
mensional preciseness of his de- 
sign. 

Service and environmental con- 
ditions have their influence on ma- 
terials selection and specification, 
and usually they must be consid- 
ered simultaneously with engineer- 
ing properties. When several ma- 
terials are available for the same 
job, these two factors contribute 
greatly to making a choice. Here, 
compatability of one material with 
another must be analyzed; 
strength versus elevated tempera- 
ture must be considered; weather- 
ing and corrosion resistance must 
be given attention. These are but 
a few of the problems that can be 
presented by service and environ- 
mental conditions. 


Mannfacturing #Requirements: 
Satisfied is the engineer when he 
can say, “Here is a material that 
fulfills all of my immediate re- 
quirements for engineering prop- 
erties, service and environmental 
conditions, and performance.” How- 
ever, the wise engineer fully real- 
izes that he has only completed 
one hurdle. Eventually he has to 
decide whether the components of 
his design are to be machined, cast, 
forged, extruded, swaged, spun, 
welded, brazed, soldered or me- 
chanically joined. He has to con- 
sider how manufacturing will 
reach to his choice of materials. 
Will they lend themselves to the 
manufacturing techniques with 
which they will be associated, such 
as machining, fabricating, process- 
ing and assembly? Obviously, no 
engineer wants to throw an un- 
machinable material to the shop 
for precision machining, nor does 
he want to give them a material 
to weld if it cannot possibly be 
welded. 

In order to do a more thorough 
job of selecting materials, the en- 
gineer must weigh his selections 
based on his own immediate re- 
quirements against their suitabil- 
ity for manufacturing operations. 
If a material can fulfill the re- 
quirements of both engineering 
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ALL COMPONENTS 
FOR ANY HYDRAULIC CIRCUIT 


WRITE FOR NEW CATALOG AND 
NAME OF NEAREST FIELD OFFICE. 


Complete Engineering Service 
Available without charge. Address: 


RACINE HYDRAULICS & MACHINERY, INC. 
2073 ALBERT ST., RACINE, WISCONSIN, U.S.A. 
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RACINE HYDRAULICS & MACHINERY, INC. RACINE, WISCONSIN 
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Micro Bearings Measure 


Up 


. « - in this electronic “Climate Survey System” 


To combat the problem of smog and atmospheric pollution, 
Beckman & Whitley, Inc., of San Carlos, California recently 
introduced this electronic recording anemometer and wind direc- 
tion instrument, called a “Climate Survey System.” It is used 
to measure the extremely slow air movements associated with 
such conditions. Prime requirements include an exceptionally 
low stall point, constant operation throughout a wide range of 
—"* and satisfactory linear recordings despite varying 
speeds. 

We are d that Micro Ball Bearings measure up in eve 
respect. Used at both ends of the anemometer dave shaft, 
Micro bearings combine low friction with smooth performance 
under varying temperature and wind conditions. ) on to 
a true Micro-finish, they help insure complete uniformity in every 
instrument. 

If you have a problem that calls for savings in friction, weight 
or space, it will pay you to contact Micro. 


warmest BALL BEARINGS 


NEW HAMPSHIRE BALL BEARINGS, INC. 12 Micro Circle, Peterborough, N. H. 
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and manufacturing, completely or 
sufficiently for the intended pur- 
pose, then there can be no ques- 
tion regarding its desirability for 
use. Specifications, governing the 
material selected, should be con- 
structed so that the basic criteria, 
as well as pertinent factors affect- 
ing manufacturing, be embraced 
but not to the extent that they 
cannot be met. 

More satisfied is the engineer 
who knows that his material se- 
lections will meet manufacturing 
requirements as well as his own. 
His design has a better chance for 
survival. But he also knows that 
all his efforts are wasted if the 
selected materials are unobtain- 
able or restricted to the extent 
that he cannot use them with any 
degree of confidence. 


Availability: Materials on the 
critical shortage list can only be 
used sparingly and sometimes not 
at all if their job has no priority 
—-this must be considered. Re- 
strictions on imports of basic raw 
materials affect availability. Ma- 
terial may be available but not in 
the desired form, size or condi- 
tion. A decision has to be made 
whether to choose it anyhow and 
rely on the shop to do extra work 
to make it usable or choose an- 
other material which approximates 
the original choice but is slightly 
less desirable. The material may 


| not be available at all. These fac- 


tors must all be ironed out before 


| the material is specified on a draw- 


ing, or very shortly a flood of en- 
gineering change orders and mate- 
rial deviations confront engineer- 
ing. Availability can very often 
make the selection of materials 
more difficult than the engineer- 
ing and manufacturing require- 
ments. 

Specifications themselves can 
impose restrictions on availability 
through misuse, distorted require- 
ments, and confusion resulting 
from duplication. These contribute 
to the problem of finding specifica- 
tion material on the open market. 
The demand is greater than the 
supply for many items. This con- 
dition has developed with the in- 
creased application of government 
specifications and industry’s grow- 
ing appreciation of specification 


MACHINE DesiGN—August 1953 








: 











proved 





TRADE MARK 


Snap-Lock limit Switches. On some machines 
you'll find as many as 75 units. 

That kind of acceptance is proof of depend- 
ability in use. But it’s no surprise to us—we 
proved it to ourselves first—by putting a 
Snap-Lock on breakdown test. The test ma- 
chine got tired after 16,000,000 cycles—the 
Snap-Lock was still going strong. 

That's why we say, when you're looking for 
a dependable limit switch—look to Snap- 
Lock. May we help you engineer them for 
your particular job? 


ELECTRICAL MANUFACTURING DIVISION 


The NATIONAL 
ACME COMPANY 


180 EAST 131st STREET °® CLEVELAND 8, OHIO 


Acme-Gridley Bar and Chucking Automatics, 1-4-6 and 8 

Spindle—Hydraulic Thread Rolling Machines—Automatic 

Threading Dies and Taps—tLimit, Motor Starter and Control 
Station Switches—Solenoids—Contract Manufacturing. 
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by 16,000,000 cycles 
Ss 


~~ 


Four out of five machine tool builders usc es 







ELECTRICAL FEATURES 


Accessible wiring connections, self wiping coin 
silver contacts, no arcing, heavy insulation 
throughout, oil and dust resistant case. Single 
pole, double break, double throw — positive 
lock in ON or OFF position. 


MECHANICAL FEATURES 


Hardened steel parts, strong spring, rugged, 
compact construction, wide choice of operat- 
ing levers. Snap-Lock is guaranteed mechani- 
cally and electrically for any normal circuit 
application. 


ENGINEERING BULLETIN EM-51 
gives complete engineering specifications for 
all types of standard Snap-lock switches, 
styles of mountings, operating levers — or 
better still, ask our engineers to cooperate 
with yours on special applications. 


























We Ane Froua. 


THAT MISCO PARTS ARE USED IN THE 


SSOEINM&s £8-49 


STRATOFORTRESS 





























its EIGHT 
Powerful PRATT & WHITNEY AIRCRAFT J-57 
Engines employ INVESTMENT CASTINGS by 

















PRODUCERS OF AIRCRAFT. AND INDUSTRIAL INVESTMENT CASTINGS 







Today, when aircraft and aircraft engine builders 
alike demand the utmost in dependable precision 
castings, they look to Misco for accuracy, large 
volume, and substantial production savings. 







Pioneers in the precision casting of heat and corro- 
sion resisting metals, Misco has years of experience 
in this highly specialized field. 







The Misco Precision Casting Process, with rigid 
dimensional and metallurgical control, X-Ray and 
Zyglo inspection, affords every assurance that 
customer requirements are met. 


M56aw Ypewsiin Casting Company 


PLANTS AT: DETROIT AND WHITEHALL, MICHIGAN — OFFICES IN ALL PRINCIPAL CITIES 
TELEPHONE: WHITEHALL 2-1515 
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materials. Vendors of material 
are affected by specifications and 
this effect is likewise felt by the 
consumer. 


Economic Considerations: Thus, 
the very instrument that provides 
control can complicate the selec- 
tion of materials. A material spec- 
ification must fulfill its obligation 
to product design, but it should 
not be such that it will unreason- 
ably hinder or restrict procure- 
ment. The economy exercised in 
the selection and specification of 
materials probably has more pro- 
found effect on the financial struc- 
ture of a company than most 
people realize. To detail the eco- 
nomic aspects of material selection 
and their effects in an overall pro- 
gram would almost be a hopeless 
task, but one thing is certain— 
economy, whether it may be tan- 
gible or intangible, must be prac- 
ticed and false economy must be 
guarded against when the best 
material is to be selected for its 
intended purpose. The judicious 
formulation and application of 
specifications will do much toward 
accomplishing this; they are the 
life insurance of a product. 

From an address entitled “How 
to Select and Specify Materials’ 
presented at the First Basic Mate- 
rials Conference hed concurrently 
with the First Exposition of Basic 
Materials for Industry in New 
York, N. Y., June 1953. 


Management's 
Responsibility 
To Engineering 


By W. R. Woolrich 


Dean of Engineering 
University of Texas 
Austin, Texas 


HROUGHOUT the past 185 

years of professional engineer 
ing endeavor, during which ther: 
has been general concerted effor' 
of engineers to achieve profession 
al distinction, we also find som: 
minor attempts to impede profes- 
sional growth. No force from with- 
in, however, has formerly posed a: 
great a threat as does the presen! 
activity of the Engineers and Sci- 
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“COOL and EXHAUST” l 


(Evaporator, on low; Condenser, 
on full; Compressor, on) 
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POSITION I 


““VENTILATE*’ 


(Evaporator, on full) 





LOOKING FOR Comething New IN SWITCHES? 


(This one helps SELL room air conditioners) 









POSITION V 


““SUMMER COOLING” 


(Evaporator and Condenser, 
on full; Compressor, on) 








POSITION if 


“EXHAUST”’ 


(Condenser, on full) 







POSITION Vi 


““SLUMBER COOLING’ 


Evaporator and Condenser, 
on low; Compressor, on) 








POSITION Ill / 









Vdg 





POSITION IV 


““DEHUMIDIFY “’ 


(Same as position Ill) 


The designing and building of circuit selector 
switches is an important part of Ferro’s bus- 
iness. And we’re not too big to fuss with your 
special requirements, provided the potential 
production volume justifies the effort—both 
for you and for us. 

Whether your problem is one of space 
and compactness or the best handling of an 
intricate wiring pattern, you'll find interested, 
competent “first aid’ here at Ferro. You'll 









POSITION Vii 


“HEATING” 


(Evaporator, on full; 
1250-watt heater, on) 


POSITION Vill 


Special 8- POSITION switch ae 


MODEL 190 





find also that the finished product is right 
due to our small labor turnover and rigid 
testing and inspection system. 

Illustrated above is one of our more elabo- 
rate switches. Shown at the right is a simple, 
3-position model. Somewhere between the 
two may be the special switch - 








you are looking for. Why 
not write and tell us your 


requirements? 


FERRO ELECTRIC PRODUCTS, INC. 
Ct Mubsidiay yf Foo Coyoridion 








KIRKLAND, ILLINOIS 






















“EUCS’ 


get down to earth 


*YDRE CG 





with 


New 51,900-pound, 


15.5-yd. Lever Scraper, 
made by the Euclid Road Machinery Company, 
Cleveland, has hydraulic system that uses 
levers instead of cables and sheaves— elimi- 


ver 


nates 90 feet of control cable. Controls are 
faster acting, more accessible for servicing. 


HE Euclid Lever Scraper puts 
powerful hydraulic muscles to 
work when it digs into tough jobs. 


In getting down to earth, muscles 
can’t work alone: they must have a 
heart to feed them and a brain to control 


them. That’s where HYDRECO Oil Power goes to work. 


The “heart” of this ‘EUC”’ is the HYDRECO Gear-type, Four- 
Bolt Pump. There’s no danger of heart failure here, because 
the pressure is confined inside a minimum space to reduce 


distortion. 


The HYDRECO Hollow-Plunger Valve is the “brain’’ behind 
the power. It controls movement of the bowl, apron and ejector 
. . . provides constant pressure rise from neutral to full open 


position... 


retains pressure during shifts in positions. 


Let HYDRECO Engineers get down to earth on your special 
problems. Write for bulletin on pumps and valves from 1/2 to 
150 gpm and for operating pressure up to 1500 psi; fluid 
motors to 60 hp; and cylinders up to 8 inches effective diameter. 


ity 





EIYOREC 





1106 EAST 222nd STREET © CLEVELAND 17, OHIO 


Wet ee 


© 





THE NEW YORK AIR BRAKE CO. 


PE AN A At OE RIE OE My AP NO 





A DIVISION OF 





N 


















Design Abstracts 





entists of America. They are now 
attempting to gain the ear of the 
U. S. Congress and the Secretary 
of Labor to the effect that their or- 
ganization may be named “to speak 
for the approximately 400,000 em- 
ployed nonsupervisory professional 
engineers and scientists who are so 
vital to our national defense and to 
our way of life.” 

Printed statements by President 
Joseph Amann of the Engineers 
and Scientists of America union in 
the supporting labor journals give 
definite evidence that the union 
seeks to place the average engineer 
in a class with tradesmen and defi- 
nitely on the workman’s side of the 
collective bargaining table. 

I would like to re-emphasize the 
editorial statements given through 
the Journal of Engineering Educa- 
tion in the April 1953 issue: “The 
engineer of less than average abil- 
ity can generally be given a salary 
lift by a collective bargaining 
agreement. In the levelling off 
process he gains at the expense of 
those who are above the average. 
When a union is first established 
there may be even a higher average 
wage than could have been ob- 
tained by individual contract by 
superior engineers. But the future 
is not too bright in collective bar- 
gaining for the advancement of men 
of creative genius and individual 
professional abilities. Collective 
bargaining is never inspirational 
to the man of creative talents, and 
recognition within a union cannot 
be readily afforded him other than 
as a part of a collective group.” 


Professional Recognition: On the 
other side of this question there is 
a large segment of American indus- 
try that has failed to be realistic in 
its adjustment of salaries and 
wages of its employed professional 
engineers. The salaries for begin- 
ning engineers have risen at 4a 
much faster ratio than have the in- 
crements of advancement for quali- 
fied engineers of five, ten, and twen 
ty years of service in some com 
panies within this unrealistic indus 
try segment to which I refer. Ac- 
tually, in some instances the start- 
ing salary curves for recent grad- 
uates have intersected the average 
salary curve of men of some years 
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ASBESTOPRENE 233(° 


fills the gap in “Soft” O 
Automotive Gasket Material 
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New Ashestos-Neoprene Sheet Packing is 
Both Compressible and Heat Resistant 


Where heretofore you’ve had to sacrifice compressibility or heat resistance 
in standard sealing materials for oil, greases, water, gasoline, etc., now 
ASBESTOPRENE #233 combines these properties to a very useful and 
satisfactory degree. In addition, ASBESTOPRENE #233 shows marked 
improvement in other characteristics over the usual compromise specifica- 
tions such as gelatin-treated paper or cork. It is better in corrosion and 
fungus resistance . . . in torque loss . . . and dimensional stability. 


A Victor Quality Product — in Sheets or Finished Gaskets 


Base material of ASBESTOPRENE /233 is a selected long asbestos fiber. 
It is felted and bonded ir complete homogeneity by a beater impregnation 
process with a new heat-and-oil resisting neoprene latex. 

Victor die-cutting techniques assure accurate manufacture, fast delivery, 
and important economies on all gasket orders whether large or small pro- awe oe ——— 
duction runs. ASBESTOPRENE /233 is also available in sheets. VICTOR ENGINEERING 

Complete Specifications and Sample Sent on Request CATALOG No. 505 

Your own tests will convince you ASBESTOPRENE /233 is the best pack- nent ne See ee 
ing in its class for recommended applications. Get all the facts through ee ee ee 
your Victor Field Engineer, or by direct inquiry to the Victor Company. 

Victor Mfg. & Gasket Co., P.O. Box 1333, Chicago 90, Illinois 


wv g CS 5 D a GASKETS + PACKINGS « OIL SEALS 
SEALING PRODUCTS EXCLUSIVELY 
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GREER 


Functions and Applications 
of the Greer Accumulator 


Bunell’s automatic cylinder trimming and forming machine incorporates two Greer ac- 
cumulators to cut motorpump unit size by 50%. Slashed cost $600, weight 400 pounds 
and saved substantial floor space. Simpler circuit used few fittings for less maintenance. 


How Greer Accumulators 
Reduce Power Requirements 


Kreuger’s huge Insert Valve Press uses 4 
Greer accumulators to supply power needed 
to insert valves in auto cylinder blocks. The 
Greer accumulator reduced motor and pump 
requirements and assured the smooth, even 
flow of oil under pressure on circuit demand. 


Greer Hydro-Pneumatic Accumulators 
have many other diversified functions 


(1) Pressure storage cham- 
ber for main, auxiliary and 
emergency power (2) Press- 
ure-volume compensator for 
leakage and temperature 
(3) Dispenser of fluids and 
lubricants (4) Transfer- 
barrier for fluids and gases 
(5) Shock absorber for line 
shock and pump pulsation. 
Precision engineered to 
make any hydraulic system 
better! Complete data and 
diagrams in Brochure 301. 
Write for your free copy. 


U.S. PATENTS UNDER OLAER LICENSES 


They store tremendous power in 
small space—deliver it instantly 
on demand of hydraulic system 


As a primary source of hydraulic 
power where the work cycle does 
not depend on the flow of the pump 
or as auxiliary power in intermit- 
tent duty systems, the Greer accum- 
ulator has its most dramatic effects. 
In these applications, the Greer ac- 
cumulator can save a great deal of 
power, reduce size and cost of 
equipment, and develop a much 
more efficient hydraulic circuit. 

This compact and economical 
power package, with its unmatched 
ability to store power in small 
space, accumulates energy from the 
pump and delivers it instantly as 
required by the circuit, permitting 
small motors to do the work of big 
ones. For practical applications, 
read about the installation of Greer 
accumulators on the equipment as 
shown in photographs above and 
on left. 

Greer’s staff of expert hydraulic 
engineers are available for a discus- 
sion of your problem without obli- 
gation. Call or write Greer today. 


_ ACCUMULATORS 


Greer Hydraulics Inc. 454 Eighteenth Street, Brooklyn 15, New York 


Field Offices: 1908 West Cermak Road, Chicago, Illinois * 25 South Main Street, Dayton, Ohio 


2832 East Grand Boulevard, Detroit, Michigan * 


306 


and sales representatives in all principal cities 
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of service and experience within 
the engineering proiession. It is 
the American industrialists of this 
negligent segment who furnish 
bonafide reasons for some union or 
other group to challenge the ad- 
ministrative competence of the 
managers concerned. 

The employer of the profession- 
al engineer, whether he is with a 
University, a Federal or other gov- 
ernment agency, or an industrial 
concern, should provide the incen- 
tive and recognition for advance- 
ment within the profession when- 
ever possible. If industry and gov- 
ernment are going to avert the 
growth of unionism within profes- 
sional engineering circles, then the 
compensation offered for engineer- 
ing service must be commensurate 
with the abilities and contributions 
of each individual within the pro- 
fession. I/t is essential that the sal- 
aries of men of accomplishment and 
years of service shall be an, incen- 
tive to the men entering the pro- 
fession. This calls for a wider 
spread in compensation between the 
salaries of the beginner and the en- 
gineer of several years of compe- 
tent service. This spread should be 
commensurate with their respective 
values to the employer. 

We within the engineering pro- 
fession, together with the employ- 
ers of engineers, must face this 
problem with understanding and 
positive constructive action, Those 
within the union circles who would 
speak for us at the conference table 
are alert to the weaknesses of the 
salary scales of some industrial 
groups and are always ready to 
move in. 

The most effective answer to un- 
ionism is a full recognition by the 
employer of each individual as a 
professional engineer. The profes- 
sional engineer is usually a man 
who prefers freedom of thought 
and action to that of herd classi- 
fication, but he should—and does— 
expect adequate consideration for 
his specialized services. 

From an address entitled “Edu- 
cation for Professional Engineering 
Responsibilities” presented before 
the Annual Meeting of the Amer- 
ican Society for Engineering Edu- 
cation at the University of Florida, 
June 1953. 
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_ 14-page bulletin describes in non- 
technical terms the basic electronic circuit employed 
in the control of Dynamatic Eddy Current equipment 
—power couplings, drives, brakes. The information 
presented will be of interest to anyone engaged in 
the operation and maintenance of Dynamatic Devices 


or control equipment. 


The text is thoroughly illustrated with simplified 
hook-up diagrams. If you are interested in modern 


electronic speed control, write for your copy. 











- 


¥ Get Your Copy of 







This New Bulletin on 


CONTENTS 


Elements of the Dynamatic Drive 
Description of Electronic Control 
Special Control Circuits 
Pre-set Multiple Speeds 
Threading 
Inching or Jogging 
Controlled Acceleration 
Torque Limit 
Eddy Current Braking 
Mutuvatrol 
Cascading 
Speed Matching of Processing 
Equipment 
Parallel Excitation Controls 








KENOSHA 
WISCONSIN 


DYNAMATI CORPORATION - 


Subsidiary of EATON MANUFACTURING COMPANY, Cleveland, Ohio 


Eddy-Current Brakes 
Electronic Controls 








Oil Well Draw-Works Brakes ° 
Shovel Clutches ° 


Adjustable-Speed Couplings « 
Press Drives ° Lift Truck Clutches ° 


Dynamometers ° 
Ajusto-Spedes ° 
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with this 
ADJUSTING SCREW 


SILVER CONTACTS Westi nghouse 








*TRI-SNAP BI-METAL ASSEMBLY 
MOLDED CERAMIC BASE 


MOUNTING PLATE *Tri-Snap control 
i SS 


l : “igs l 


— _- + .. tr 
Product of Westinghouse Electric Corporation, 
* Meadville, Pennsylvania 
























































Westinghouse Tri-Snap® thermostats in butter warmer compartments 
of household refrigerators permit storing butter at a temperature 
higher than that of the food storage compartment. Thus a housewife 
can select a butter temperature that assures her the spreading con- 
sistency she desires. The snap action, quick make-quick break, is 
largely dependent upon precise Chace Thermostatic Bimetal. 








The butter compartment is warmed by a molded wire resistor 
under the box. The crimping of the outer edges of the slotted 
bimetal element shortens the over-all length, placing the center 
section under compression. As the bimetal deflects due to the rise 
and fall of ambient temperature, the “oil-can” effect of the distorted 
center causes a sharp make-and-break contact with the resistor. 
Opening the gap between contacts lengthens the “off” period, hence 
the spreading consistency may be controlled to the queen's taste. 









Chace engineers, recognized authorities on temperature responsive 
devices invite you to consult with them before designing your new 
temperature actuated control. Our 29 types of thermostatic bimetal 
are available in strips, coils, random long lengths and welded or 
brazed sub-assemblies. Write for our 32-page booklet “Successful 
Applications of Chace Thermostatic Bimetal.” 









W. M. CHACE CO. 





1616 BEARD AVE., DETROIT 9, MICH. 
















Communication 


Tape Recorder: Portable Magne- 
matic attains frequency response of 
50 to 1500 cycles at tape speed of 
7% ips. Six models available in 
three speeds with playing time up 
to 1 hour. Features pushbutton 
control, solenoid-operated capstan 
drive to start and stop tape travel 
within 1/20-sec, relay-operated 
modified Geneva movement to con- 
trol high-speed rewind and 60 ips 
fast-forward functions. Interlock- 
ing operation prevents tape break 
or spill. Uses 5-in. plastic or metal 
reels of standard 14-in. tape. Oper- 
ates on 110/125 v, 50/60 cycle ac; 
consumes 90 w. Size, 814% by 11 
by 9 in.; weight, 19 lb. Magnematic 
Div., Amplifier Corp. of America, 
New York, N.Y. 


Television Receiver: Beverly con- 
solette 21-in. screen model is made 
of natural-finish straight-grained 
birch; has a wrought iron and 
birch stand. Dimensions of the 
set are 25 in. wide, 225, in. deep 
and 23% in. high; 37 in. high with 
stand. Motoroa Inc., Chicago, Ill. 


Portable Radio: Automatic shut- 
off disconnects batteries when the 
radio is plugged into an ac or dc 
outlet. Begins to play as soon as 
it is turned on. Has improved su- 
perheterodyne circuit and precision 
tuning. Civilian defense 640 and 
1240-ke frequencies are marked on 
dial which is located on the top of 
the case. Carrying handle folds to 
the side when not in use. Available 
in maroon, green or gray cabinet. 
Admiral Corp., Chicago, Ill. 


Airborne Tape Recorder: Nadar 
unit utilizes miniature electronic 
parts to log events occurring dur- 
ing an airplane or missile flight. 
Can record information during a 
10-hour flight and can then be 
run for another 10 hours nonstop, 
with previous information being 
erased as new information is rec- 
orded. Operates on 28-v de. Uses 
%4 in. wide plastic magnetic tape. 
Size, 8 by 9% by 9% in.; weight 
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Windpipe for a peaceful H-bomb 





You can call it an H-bomb if you like. Some people do. 
Technically, it isa hydrogenation bomb or, simply, a super- 
pressure vessel. Uses for it are legion but not warlike. 

Researchers in rubber, plastics, pharmaceuticals, petro- 
leum,and solvents pilot their hydrogenation, oxo-reaction, 
polymerization and other jaw-breaker problems in its 
gizzard—under high pressure. 

To speed-up chemical reactions, the vessel is rocked 
38 times a minute. Pressurizing a see-sawing chamber is 
in itself a neat trick: when pressures of the order of 
60,000 p.s.i. are required you might become discouraged 
or concerned. 

American Instrument Company, Inc., maker of Super- 
pressure equipment, introduces the pressure through a 


= @ yr = 


West Coast: Pacific Tube Company, 5710 Smithway St., 
Los Angeles 22, Calif. UNderhill 0-1331 
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spiral windpipe. They had some trouble through tube 
breakage but that was before they tried Superior 304 
Cold-drawn Seamless Stainless Steel Tubing. Superior 
gives them just the flexibility and fatigue strength needed 
for cyclic operation, plus chemical resistance and burst 
pressure to spare. Spirals of Superior 304 are easier to 
bend, last longer. And American Instrument reports 
them dimensionally uniform, smooth and free from 
surface imperfections. 

If you haven’t found small tubing in the analysis, size, 
and finish you want, or if yeu think there’s little differ- 
ence in tubing or tubing experience, Superior invites 
your inquiry. Superior Tube Company, 2010Germantown 
Avenue, Norristown, Pennsylvania. 


qe Bo & NAME - 


Round and Shaped Tubing available in Carbon, Alloy, and Stainless Steels; Nickel and Nickel Alloys; Titanium, Zirconium, and Beryllium Copper 


All analyses .010"' te %" O.D. 
Certain analyses (.035” max. wall) up te 1%"' O.D. 
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WHEN GEARS GET COMPLICATED 


‘AIR-SPEC QUALITY 


iS THE ANSWER 




























Call an Amgears sales engineer for gears, 
machining, and gear assemblies. 
Spur, Helical, Worm, Straight and Spiral Bevel, 
Spline Shafts, and Gear Grinding. 

Amgears’ customer list reads like Who's 
Who in American Industry. 








































Here is a rugged hand-tool that “works § 
around corners” for removing old packing from | 
stuffing boxes. The picture shows how a pair 7a 
of these flexible handled tools operate around 
obstructions for snagging out those old pack- § 
ing rings. All steel—tempered tool steel cor- § 
screw bit. 
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18 lb. North American Aviation 
Inc., Los Angeles, Calif. 





Materials Handling 


Fork Truck: For placing and re- 
moving dies from presses. Handles 
1500-lb dies, 650-lb adapters, 400- 
lb trimmer dies and 50-lb die in- 
serts. Capacity is 4000 lb. Has 42- 
in. forks and 42-in. boom which is 
used when dies cannot be handled 
easily with the die-pulling device. 
Twin drum die-puller is operated 
by a separate electric motor. Truck 
is 83 in. high and has a 66-in. non- 
telescoping lift. Boom and forks 
are removable, and the truck can 
be used as a standard fork truck. 
Elwell-Parker Electric Co., Cleve- 
land, O. 


Slat Conveyor: Pusher type han- 
dles hot billets and similar heavy, 
bulky products. Conveyed material 
travels on bars that are clamped 
to a pair of power-driven chains 
travelling in the side rails of the 
conveyor frame. Available in vari- 
ous widths and frame pitches to 
meet individual requirements. 
Sage Equipment Co., Buffalo, N. Y. 


Hydraulic Loader: Shoveloader 
mounts on Case, Minneapolis- 
Moline, Shepherd and Oliver in- 
dustrial tractors. Available in six 
different models and with eight ac- 
cessory attachments. Basic attach- 
ment is a material bucket for mate- 
rials loading and unloading. Load- 
er is equipped with double-acting 
hydraulic cylinders for precision 
control of loads in any direction. 
Reaches 66 to 72 in. in front of 
radiator and digs below tractor 
level. All actuating parts are 
located in front of the cab. Baker- 
Lull Corp., Minneapolis, Minn. 


Hand Truck: Fabricated of mag- 
nesium, the Magcoa weighs 18 1b 
and has a capacity of 500 Ib. Fea- 
tures all-bolted construction. For 
use on delivery trucks and for gen- 
eral factory, warehouse and load- 
ing dock use. Magnesium Co. of 
America, East Chicago, Ind. 


Air Hoist: Roller-chain type 
powered by rotary-vane air motor 
Lifts 1000-lb loads at a rate ol 
40 fpm. Rate of lift is variabl 
from 0 to 40 fpm, and a 1600-lb 
load can be lifted. Loads can be 
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Model C2 Running Time Meter. 





For applications where it may be desirable to 
reset to zero at any time, Industrial Timer now 
offers Reset Time Totalizers, in addition to its 
Running Time Meters. 


SYNCHRONOUS MOTOR DRIVEN. Both types 
of elapsed time meters provide you with an exact 
record of machine hours on A.C. operated ma- 
chines... up to 100,000 hours with “electric clock” 
running accuracy. Both utilize heavy duty syn- 
chronous motors that are self lubricating for long 
life. And both are available in enclosed and open 
type models. Running Time Meters are enclosed 
in black bakelite cases. Reset Time Totalizers in 
steel housings with baked black finish. 


WIDE VARIETY OF APPLICATIONS. These In- 
dustrial Elapsed Time Meters permit you to com- 
pute readily production costs on A.C. operated 
machines — predict replacements for equipment 
of predetermined life expectancy. They can be 
used in a wide variety of applications such as: 
radio transmitters, vacuum tube devices, refrig- 
erators, oil burners, molding machines, life test 
equipment, diesel generators, conveyors and 
many other types of machinery and equipment. 
For technical data, request Bulletin 88-53. 


4 


MACHINE DESIGN—August 1953 


NOW GUTH, 


a te Os 


Model C5 Reset Time Totalizer. 


Reset and Non-Reset 
Elapsed Time Meters 





Reset Time Totalizer — Model Designations 





























CASED | OPEN COUNT RANGE VOLTAGES CYCLES 
c5 1/10 hr. 10,000 hrs. 115,220 60,50,25 
CF 1/10 hr. 10,600 hrs. 115 60,50,25 

C 5A 1 hr. 100,000 hrs. 115,220 60,50,25 
C7A 1 hr. 100,000 hrs. 115 60,50,25 











Running Time Meters — Model Designations 












































CASED | OPEN COUNT RANGE VOLTAGES CYCLES 
C2 1/10 hr. 10,000 hrs. 115,220,440 60,50,25 
C4 1/10 hr. 10,000 hrs. 115 60,50,25 

C 2A 1 hr. 100,000 hrs. 115,220,440 60,50,25 
C4A 1 hr. 100,000 hrs. 115 60,50,25 

C 2D 1/10 min. 10,000 min. 115,220,440 60,50,25 
Cc 4D 1/10 min. 10,000 min. 115 60,50,25 

C 2F 1 min. 100,000 min. 115,220,440 60,50,25 
C 4F 1 min, 100,000 min. 115 60,50,25 











MANUFACTURERS OF THESE AND OTHER TIMERS AND CONTROLS FOR INDUSTRY — 
CAM TIMERS * TIME DELAY TIMERS * AUTOMATIC RECYCLING TIMERS 
MANUAL SET TIMERS’ * INSTANTANEOUS RESET TIMERS. 


}7 5 


NEWARK 


5, WN 


INDUSTRIAL TIMER CORPORATION 


EDISON PLACE 
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Design Electronic Controls for RELIABILITY IN SERVICE 
with Alden Components for PLUG-IN UNIT CONSTRUCTION 


Plug-in unit design. Presents 
P to plug-in 







Be sure your yoy are workin, ing with the Alden Handbook of 
complete line of basi dous flexibility for adapting your 
construction. 





eke keto ae ee 


] Unitize your circuitry in compact vertical planes 
e using Alden Terminal Card Mounting System. 


+400, 


— Metenemgee ‘teme f ab wee yt eae 
e minates wirin, 
MINAL MTG. CARD’ TERMINALS i common Dale SOCKETS 


Y 

Jochem seahed co, sored eat Goad wis Adina Miniaonee Teamincts, Jemgee Sty snd 
Componenss snap into unique Alden Termi: are held ready for iio 

Te mount this vertical circuitry, ALDEN PLUG-IN PACKAGES ye 

e CHASSIS give tremendous variety with standard components 


wg aes =) 
ie "2 Dame 
se? @ BASIC CHASSIS 2° 4” 


Alden p provide dard plug-in or slide-in housings—with spares, your circuits become units elastin in > seconds, 


3 Give chassis easily traceable intercon 30-second ° 
° replacemen 























nects and 


¢ with ALDEN SERVE-A-UNIT KIT 
GIVING YOU !) Chassis chac plugs ia. in, locks and ejects 
with half turn of the wrist. 2 
organized, accessibie 
personnel can service. 


IT’S AS SIMPLE AS THIS Arrange Alden Side Rails (1), 
and Alden 


to suit your chassis. Alden 
Serve-A-Unie Locks (3) 
mount in your chassis to en- 
gage pre-punched holes in 
Alden Lock Frame (2) to 
pilot, draw in, lock or eject. 
Arrange Alden Back Connec- 
tors (4) in orderly row on 
‘Alden Lock Frame. Mount 
mating Alden Back Connec- 
tors on your Chassis. 


leads so beautifully 
that non-technical 















and identi 








sE 


= ALDEN BACK point, 
CONNECTORS 
4, Assign te each unit ALD SENSING ELEMENTS — to spot trouble instantly: 


MINIATURE wa MINIATURE 
INDICATING 
LIGHT 


TEST JACK 
Caa\y 








MINIATURE 
INDICATING 
FUSE HOLDER 
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ANTI-FRICTION 
BEARINGS 


SPECIAL SIZES and 
TYPES TO MEET YOUR... 


SPACE AND LOAD REQUIREMENTS 
5/16” O. D. to 16” O. D. 


RADIAL BALL BEARING 

RADIAL ROLLER BEARING 

NEEDLE ROLLER BEARING 

ANGULAR CONTACT BALL BEARINGS 
THRUST BALL BEARINGS 

THRUST ROLLER BEARINGS 


Morton Bearing Co. has recently moved to new 
larger quarters, added new equipment and personnel 
to meet your production demands. Submit data 
on your requirements for price and delivery. All 
requests are answered promptly. 


M ORTON: witat st. incor Summit 
Ann Arbor, Michigan 


SEND NEW CATALOG OF STANDARD ANTI-FRICTION BEARINGS 
Name 

Firm Name 

Products Manufactured 
Street 
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City State 
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lowered at speeds exceeding 100 
fpm. Safety brake automatically 
locks when control is released, so 
that load will remain suspended if 
the hose is accidentally disconnect- 
ed or the air shut off; however, 
load can be released by throttle 
control and lowered. Other speci- 
fications include: standard lift, 
8 ft; recommended hose size, %- 
in.; weight of unit, 27% 1b; mini- 
mum hook to hook distance, 131, 
in.; overall length, 104% in.; diam- 
eter of body, 5 in. Aro Equipment 
Corp., Bryan, O. 

Pallet Tiering Truck: Hydraulic- 
ally operated Pallet Stacker has 
34-hp motor-driven pump; will tier 
pallet loads as high as 115 in. Rate 
of elevation is 8 fpm. Base forks 
have six separate adjustments for 
handling pallets from 30 to 48 in. 
wide. Mast extends 13834 in. when 
elevated, 83 in. collapsed. Rated 
capacity is 2000 lb; truck weighs 
approximately 1300 lb. Raymond 
Corp., Greene, N. Y. 


Carton Closer: Model 518, de- 
signed for use with the manufac- 
turer’s Convey-O-Mat carton set-up 
machine, can be used to close car- 
tons on any production line. Dis- 
tance between set-up and closing 
units can be varied to meet carton- 
ing requirements. Portable; occu- 
pies 6 sq ft of floor area. Machin- 
ery Mfg. Co. Inc., Los Angeles, 
Calif. 


Metalworking 


Punch Shaper: Essex 32A unit 
machines a blanking punch, hob or 
profiled part directly from the solid 
in one operation. Special punch 
holders or plates are not needed. 
Can produce fine surface micro fin- 
ish, controlled through microscopic 
readings. Stroke of the cutting 
tool is like that of a conventional 
shaper set vertically and is ad- 
justable from 114 to 44%4 in. How- 
ever, upon completion of the pre- 
determined straight stroke, the 
rocker arm operates in a swivel 
motion, finishing the desired radius. 
Punch can be made a few thou- 
sandths oversize, then sheared into 
the die to a depth of approximately 
1/32-in. Then, using the micro- 
scope, it is finished to the exact 


MACHINE DESIGN—August 1953 








| 








How Admiral freezes rising costs= 








saves $15,630 with Townsend Fasteners 


Efficient planning all along Admiral 
production lines right down to the 
shipping platform brings you excel- 
lent values in home appliances and 
other Admiral products at the lowest 
possible costs. No detail is too small 
—no part too insignificant to come 
under the scrutiny of their engineers 
who constantly seek ways to improve 
their products. 

Take the big Admiral two-door 
Dual-Temp home freezer-refrigera- 
tor, for example. The six bolts that 
hold it to the shipping crate could 
seem to be unimportant. Yet, a 
Townsend engineer found that by the 
Townsend method of producing these 
fasteners, Admiral could save $13.37 





per thousand on one and $6.34 per 
thousand on the other bolt. The total 
annual cost reduction of about 
$15,630 presents a definite oppor- 
tunity to put greater value in the 
refrigerator without increasing the 
price to the consumer. Such savings 
are not unusual with Townsend’s 
fasteners and parts. 

In today’s competitive markets, 
many industries rely upon Townsend 
as “The Fastening Authority” to help 
improve products, reduce unit and 
assembly costs. Every day Townsend 
engineers work with manufacturers 
of appliances, radio and television 
receivers, automobiles, aircraft, elec- 
trical equipment, farm implements, 


ownsend 


COMPANY - ESTABLISHED 1816 


NEW BRIGHTON, PENNSYLVANIA 


railroad rolling stock—even toys. In 
fact, Townsend serves every industry 
that needs to fasten materials to- 
gether quickly — economically — 
permanently. 

With a background of 137 years 
of cold-forming experience—with 
the capacity to produce sixty-million 
parts every day—with more than ten 
thousand standard and special items 
to choose from—Townsend engi- 
neers give you the most unbiased 
recommendations. Ask to have one 
call and discuss your fastening prob- 
lems—or, send us samples and 
sketches of parts you want improved 
at substantial savings. We will give 
you estimates without obligation. 








Sales Offices in Principal Cities 





Cherry Rivet Division + Santa Ana, California 


THE FASTENING AUTHORITY—Experience: over 137 years—Capacity: sixty-million parts daily— Products: over ten-thousand types of solid 
rivets—cold-headed parts—Cherry Blind Rivets—Twinfast Screws—self-topping screws—tubular rivets—locknuts— special nails—formed wire ports. 
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Plants: New Brighton, Pennsylvania—Chicago, Illinois—Plymouth, Michigan—Santa Ana, California. 
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For over 38 years Erie has 
manufactured bolts and studs to 
the specifications of Diesel En- 
gine builders. This specialized 
experience gained in working 
with leading Diesel designing 
engineers assures you of getting 
the exact materials and the 
precise tolerance in bolting 
desired for your Diesel. Send 
us your specifications for Diesel 
Connecting Rod Bolts, Cylinder 
Head Studs, and other special 
bolting. 
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Representatives in Principal Cities. 
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The Correct Fastener for the Job 
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contour of the sheared in section 
to an accuracy of +0.0005-in. Spe- 
cial table-shaping attachment per- 
mits swiveling the dividing head 
| from 0 to 15 degrees toward the 
| tool and 5 degrees to right and left 
| so that the operator can put relief 
| on punches or draft on hops. In- 
| ternational Machinery Div., British 
Industries Corp., New York, N. Y. 


Adjustable-Speed Drive: For 
Rogers “Perfect 36” vertical tur- 
ret mill. Provides table chuck 
speeds up to 212 rpm. Independ- 
ent speed control box which may be 
located for operator convenience is 
equipped with rheostat control; has 
start, stop and jog pushbuttons; 
sets and changes motor speeds and 
provides a ratio of more than 16 
to 1. Speeds may be changed 
while machine is in operation, May 
| be modified to meet JIC specifica- 
tions. Mill has adjustable five-po- 
sition main vertical turret for tool 
settings including boring, drilling, 
reaming, turning and thread cut- 
ting. Square turret indexes to 
eight positions. Rogers Machine 
Works, Buffalo, N. Y. 


Acetylene Torch: Performs light 
heating, brazing or soldering oper- 
ations. Operates on low pressure. 
Uses acetylene gas from a Presto B 
tank; develops a temperature of 
2800 F. Can be used for all kinds 
of seam soldering. Soldering cop- 
per reaches proper heat quickly and 
holds that heat until turned off. 
Two long tips, one straight and one 
curved tip are supvlied. Torit Mfg. 
Co., St. Paul, Minn. 


Grinding Attachment: Simulta- 
neously revolves and moves work 
longitudinally back and _ forth. 
Standard spacer gears with a fol- 
lower pin for each flute to be 
ground provide indexing for 2, 3, 
4, 6, 8, or 12 flutes. Special spacer 
gears available. Number of back- 
and-forth movements per revolu- 
tion of work is controlled by num- 
ber of follower pins used in spacer 
gear. Permits grinding of form 
and/or radial relief, tapered cylin- 
drical and straight cylindrical. Cut- 
ting tool to be produced or re- 
| worked is held in collet or between 
| dead centers and revolves on its 
|. own axial center. Where full length 

of spiral cutting tools is to be 
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MELTING POTS 


COROX HEATERS 


, 


VAPORIZERS 


to 


DEEP-FAT 
FRYERS 


READILY FORMED 

CLOSE |. D. TOLERANCE 
MINIMUM WELD SEAM 
LOW COST 


REFRIGERATORS 


WIDE RANGE OF SIZES THE FAMOUS WESTINGHOUSE Corox tubular heating 
AND FINISHES unit demands a metal tube that can be readily formed into the 
GM Steel Tubing is available in C) most intricate shapes for cast-in, immersion or clamp-on 
welded single wa. or copper = applications. Rugged, adaptable GM Steel Tubing meets this 
a pay Reg rte %" = demand—plus the extra requirements of close I.D. tolerance 
O.D., and in straight lengths or O and minimum weld seam. 
in 120’ to 1000’ continuous In hundreds of other products, this low-cost steel tubing is 
coils. Choice of plain, Terne : : 
coated, copper plated, or Fuse- "Smt serving as part of the mechanical structure or for the passage of 
Kote (copper fused) finish. liquids or gases. It lends itself to all types of fabricating 
operations . . . for which Rochester Products offers complete 
SEND FOR Froo BROCHURE fabricating facilities, if desired. 
a Every day, Rochester Products turns out hundreds of miles of 
tells why GM Tubing is GM Steel Tubing in one of America’s best equipped plants— 
— pad hype bows with the skill and “know-how” gained through nearly 
; 20 years of GM research and development. It will pay 


and low cost. Send today Fest 
for your free copy. you to consider its time-and-money saving features! 


ROCHESTER PRODUCTS, pivision OF GENERAL MOTORS, Rochester, N.Y.,U.S.A. i) STEEL 
ad 
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ever see 
yourself 
in a gear 


Hf you require gears having 
faces and shafts of mirror-like 


this Cincinnati Gear service. Superfinishing 
is available to provide géars with surfaces 
of minimum microinch tolerances. This is4est™ 
one of the many “extra’’ 

. another reason why more and more 


smoothness, you'll be interested in 


services we offer 





gear buyers rely on The Cincinnati Gear bo 
Company for all their custom gear needs. i: 
3 

















* Schaal 
Reactors 

* Electronic 
Devices 













Dependable 


Components 







schedules 








Dependable delivery 


1901 CLYBOURN AVENUE 


WORM 

INTERNAL 
SPIRAL BEVEL 
HELICAL 
HERRINGBONE 
*CONIFLEX BEVEL 
SPLINE SHAFT 
*Reg. U. S. Pat. Off. 


Designers and Custom Builders—small 


and medium quantities—from milli- 


watts to 50 KVA, single or polyphase. 


May We Bid On Your Requirements? 


ELECTRAN WF<. co. 


CHICAGO 


] 


4, ILLINOIS 
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ground for both form and radial 
relief, attachment travel is simi- 
ilar to an OD grinder. Detroit 
Reamer & Tool Co., Detroit, Mich. 

Power Bender: Redesigned Di- 
Acro unit for forming simple and 
complex bends in round stock, tub- 
ing, angles, channels, molding, 
strip stock, extrusions and other 
material forms. Makes either clock- 
wise or counterclockwise bends. 
Table is made of ribbed alloy cast- 
ing which provides high strength 
during bending and allows integra- 
tion of gear housing into the cast- 
ing, assuring positive alignment at 
all times. Foot controls are pro- 
vided in addition to hand controls. 
Cabinet is made of 4, to \%-in. 
steel plate. Motor is 3-hp. O’Neil- 
Irwin Mfg. Co., Lake City, Minn. 

Surface Grinder: Capacity: 
transverse, 6 in.; longitudinal, 12 
in.; vertical, 13% in. under 7-in. 
diameter wheel. Takes standard 7 
by % by 1\4-in. wheel. Has anti- 
friction ball and roller-bearing mo- 
torized spindle. Spindle speed, 
3500 rpm. Vertical and transverse 
wheel graduations are in 0.001-in. 
Has V and flat ways. Floor space 
required, 40 by 45 in.; weight, 750 
lb. Bridgeport Grinding Machine 
Co., Bridgeport, Conn. 

Cutoff Machine: Model M75 can 
be used as a regular cutoff machine 
or converted to such use as free- 
hand cutting of gates and risers 
from nonferrous foundry castings. 
When used as a cutoff machine 
either abrasive blades for cutting 
ferrous materials or semi-high- 
speed steel saw blades for cutting 
nonferrous materials may be used. 
Capacity as a cutoff machine, 24%- 
in. solids and 4-in. pipe, tubing and 
structurals. Equipped with 714-hp 
motor, Stone Machinery Co. Inc., 
Manlius, N. Y. 

Threader: “Precision-Pak” unit 
designed for high production and 
precision. Features direct preci- 
sion lead, rapid tool spindle return, 
variable speeds and low mainte- 
nance cost. Spindle is driven by 
3-hp motor. Quick-change lead 
screw and collapsible lead nut head 
mounted directly on end of spindle 
maintain precision lead throughout 
4-in. feed travel. Lead nuts are au- 
tomatically disengaged at end of 
feed travel and spindle return is 


MACHINE DesigN—August 1953 











































B SERIES « duty, one 


Uy] 
direction thrust beer- 
ing. Flat seat. Fiel races. 
Bronze bell retainer .. . 
38 sizes Ye" to 344" LD. 





c 
S. 
t. 
h 
i- 
be 
it 
)- 
l. 
]. 
1000 SERIES « Light duty bell 
thrust bearing. Fiat sect. 
, Grooved races. Pressed steel 
: retainer. Metric standard... 
y 26 sizes 10 te 125 mm. 1.D. 
he 
7 


1100 SERIES * Medium duty 
ball thrust bearing. Grooved 
races. Pressed steel orbronze 
(large sizes) retainer... 23 
metricsizes 10te 140mm.!.D. 

















CLUTCH BEARINGS « Bell 
thrust clutch release bear- 
ing. Banded. Pre-lubricated. 
T-type, oll impregnated 
bronze retainer assures con- 
centricity and smooth, quiet, 
long-life performance. 





Providence @ Richmond @ Rochester @ Son Fr 


Thrust Bearing 
Headquarters 
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1400 SERIES « Medium duty. 


Grooved races. Spherical 
seat. Pressed steel or bronze 
(lerge sizes) retainer .. . 23 
metricsizes 10to 140mm.1.D. 






SPECIAL BEARINGS « Facili- 
ties for sizes up te 38" O.D. 
Counsel that brings you 
the expert technical aid that 
has licked many of in- 
dustry’s toughest bearing 
problems. 





W SERIES * Case hardened 
end ground fiet washers 
for various Thrust and 
Spacer applications. Slip 
fit. "te 34" 


38 sizes 2° to 344" LD. 





R SERIES © Ball thrust 
retainer. One piece, 
pressed steel, channel 


type cage... 79 
0.266" te 4.232" 1.D. 


Just Name Your Need 


Whatever mechanized equipment you make or use— 
whether it is large, small, rugged, fragile, heavy or 
light— whether it must operate at high speed, low speed, 

under water, in acid or under extreme temperature or 
dust conditions, it will do its job better, more efficiently 
and more economically if bearing equipped. If it is 
equipment that lends itself to bearing applications of the 
thrust type—Aetna has the answer or can come up with 
it pronto. 37 years of thrust bearing know-how 
assures this. Inquiries invited. No obligation. Aetna Ball 


and Roller Bearing Company, 4600 
Schubert Ave., Chicago 39, Mlinois. 


Aetna 








PRECISION PARTS « Aetna 
is versatile—can mass-pro- 
duce vital parts in almost 
limitless sizes and shapes— 
te your most exacting met- 
allurgical, tolerance and 
finish specifications. 


Precision Bearings and Parts for Every Branch of industry 


tiens on Aetna’s complete 
line—vital technical refer- 
ence data on selec- 
tion, load capacities, lubrica- 
tion, care and maintenance. 





SRANCH OFFICES COAST-TO-COAST: @ Albany @ Aticnta @ Auburn © Baltimore © Binghamton © Birmingham @ Boston Bridgeport @ Buffalo @ Charlotte @ Chicago 
* Cincinnati @ Cleveland @ Denver © Detroit @ Hartford @ Houston @ Jacksonville « los Angeles @ Newark @ New York © Niagare Falls © Philadelphia @ Pittsburgh @ 
@ Seattle @ Syracuse @ Trenton @ Utica @ Waterbury © Worcester. See your classified ‘phone directory for addrésses, 
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Durakool’s 
Deluxe Mercury Switch 


LOW IN COST 


This steel hydrogen filled mercury switch ts 
recognized for its sensational ability to do the 
job at hand. Trouble free, dependable and low 
in cost. 


*% Millions of contacts 
% Withstands high temperatures 


% No deterioration in storage 










% Capacities up to 65 amperes 


 . 
Mops sé Durakool 


MERCURY SWITCHES 
See Telephone directory for local distributor 
or write 


DURAKOOL, INC. — Elkhart, Indiana 


50 St. Clair Ave., W., Toronto 





TO FIT THE 
MACHINE 


“WISCONSIN 
-POWERED 


editer 


Load ‘er up, then move fast! The Xpediter, built by Kalamazoo Mfg. Co., Kalamazoo, 
Mich., carries 800 ibs, at speeds up to 8. mph. POWER is a Wisconsin Heavy-Duty Air- 
Cooled Engine. 





Today, almost every warehouse or plant needs and uses one or more cost-cutting pieces of 
Wisconsin-powered equipment, And a good reason for such acceptance stems from this 
fact: Every equipment builder can select the right size Wisconsin Engine because of the 
wide model range . . . single-cylinder, 2-cylinder or V-type 4-cylinder models, 3 to 36 hp. 
Because the engine is right for the job . . . it delivers better lugging power due to the 
best relationship of horsepower to torque. 


Write today for a helpful booklet titled, ‘‘Which Engine Should Power Your Equipment?”’ 


ia WISCONSIN MOTOR CORPORATION 


World's Largest Builders of Heavy- Duby Air-Cooled Engines 
MILWAUKEE 46, WISCONSIN 


A 7545-14 
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accomplished by a planetary gear 
clutch. Unit can be mounted in 
many positions, such as horizontal, 
vertical or angular in single, double 
end or multiples. Sheffield Corp., 
Dayton, O. 


Centerless Grinder: Diversimatic 
grinds bearings, bushings, cap 
screws, shafts and formed parts 
of two or more diameters or con- 
tours. Features removable grind- 
ing wheel, spindle quill; combined 
double-row superprecision ball and 
roller bearings permanently sealed 
and lubricated. Wheel clearance, 0 
to 114 in.; speed of grinding wheel, 
1600 rpm. Regulating wheel is in- 
finitely variable from 30 to 300 
rpm. Crush Forming attachment 
permits precision grinding of small 
formed parts that otherwise could 
not be ground between centers be- 
cause of work deflection. Floor | 
space required, 48 by 36 in. Van 
Norman Co., Springfield, Mass. 


Broaching Machines: Ten - ton, 
60-in. machine broaches three scal- 
lops with each pass of the ram ;+10- 
ton, 90-in. model broaches a single 
dovetail slot with each stroke. 
Automatic—the work shuttles into 
the cut and the ram starts. At the 
completion of the stroke, the fix- 
ture recedes from the broach cut 
and the ram returns to starting 
position. Part is then automatic- 
ally indexed one increment and the 
process is repeated until all slots 
or scallops are completed. Fixture 
then recedes to loading position. 
Pneumatic or mechanical ejection 
for finished parts is optional. Col- 
onial Broach Co., Detroit, Mich. 


Office Equipment 


Rotary File: Motorized card 
file is available in two sizes which 
accommodate -pproximately 62,000 
or 85,500 cards of 3 by 5-in. size. 
Other models can take 4 by 6-in. 
or 5 by 8-in. cards. Average time 
required to bring desired card di- 
rectly in front of operator, three 
seconds; complete revolution takes 
nine seconds. Cards are set in in- 
dividual trays which are remov- 
able, with a follower block in each. 
Card trays 8 in. long carry ap- 
proximately 800 cards each. Cards 
may be read without being re- 

(Continued on Page 321) 
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(Continued from Page 318) 


moved from proper sequence. 
From 4000 to 17,500 cards are 
always open before operator and 
within reach from front to back 
and left to right. Operation is con- 
trolled by either pushbuttons on the 
right-hand side of file or a spe- 
cial foot pedal switch. Size: Model 
45, 351% in. deep, 54 in. wide, 37% 
in. high; Model 60, 354% in. deep, 
71 in. wide, 3744 in. high. Ferris 
Business Equipment Inc., Strat- 
ford, Conn. 


Adding Machine: Adds, sub- 
stracts, multiplies and divides. Fea- 
tures operating speed of 190 cy- 
cles per minute, “‘touch-contoured” 
keyboard with alternating rows of 
flat and concave key tops to facil- 
itate touch operation and reduce 
errors, two-tone gray and green 
finish to reduce eyestrain and 
sound-proof construction for quiet 
operation. Clary Multiplier Corp., 
San Gabriel, Calif. 


Packaging 


Case Sealer: Packomatic Model 
D applies glue in various spot pat- 
terns and seals all types of paper 
cases. Glue is applied to the inner 
surface of outer case flaps in spots 
at 34-in. centers. Brass glue ap- 
plicators will not rust or corrode 
and can be cleaned or replaced 
quickly. Stainless steel glue supply 
tank with stainless screen filter 
supplies adhesive to applicators 
through transparent plastic tubing. 
Accommodates slotted containers 8 
to 24 in. long, 6 to 16 in. wide and 
5 to 18 in. high. Seals eight 12-in. 
long or four 24-in. long cases per 
minute. Powered by 1'4-hp motor. 
Occupies approximately 30 sq ft 
of floor space; weighs 1150 Ib. J. 
L. Ferguson Co., Joliet, IIl. 


Tape _ Dispenser: Automatic, 
pressure-sensitive Grip-A-Tab can 
be connected to any air line. Foot 
lever controls feed of predetermined 
lengths of tape. Model AF-92 dis- 
penses cellophane, acetate fiber, 
plastic, paper and electrical grade 
tapes from 1, to 1 in. wide, accom- 
modates up to 51% in. OD roll or 
multiple rolls; delivers any Jength 
between 14 and 534 in. Model AF- 
85 dispenses the same materials 
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MUELLER BRASS CO. 


Kelas l later: 


BRASS- BRONZE 
AND ALUMINUM 








FORGED TO 
PERFECTION 
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IT'S YOURS! NEW 32-PAGE 
FORGINGS ENGINEERING 
MANUAL. WRITE TODAY 


MUELLER BRASS CO. 


PORT HURON « MICHIGAN | 





PRECISION 
MACHINED 
TO YOUR 

SPECIFICATIONS 


forgings 
® brass 

® bronze 

© aluminum 


. 


Standard 
Pumps 

for Custom 
Applications 


crt wee nd OTOP gaa MOOR 


pump care 





IMPELLER TYPES 


from 0 to 174 gpm 
850 to 3450 rpm: 


Types available: 


Seal and Seal-less 
Integral Motor Mounted 
Belt and Motor Base 
External or Submerged 
JIC Standard 


Self-Priming Auxiliary Units 


” 
ASF 


Pioneer Pump 


Division ot 


Detroit HARVESTER 


Company 


2750 Guardian Bldg. - Detroit 26, Mich 


FACTORY Paris, Kentucky) 


| New Machines 


| up to 6% in. OD, or multiple rolls, 


| provide 





plus filament, cloth and heavy 
paper from 1, to 2 in. wide in rolls, 


and delivers tape in any length be- 
tween 1% to 9 in. Multiple strokes 
longer lengths. Derby 
Sealers Inc., Derby, Conn. 


Plant Equipment 





Filter Pumps: Model LSIN-5 is 
rated at 50 gph and Model LSIN- | 
10, at 100 gph. Filter most acid | 
or alkaline solutions from pH 0 to | 
pH 14; may also be used for filter- | 
ing nonaqueous solutions. Remove 
particles from 150 to 1 micron in | 
size. Self-priming pump has a_ 
suction lift of approximately 15 ft, | 
delivers 6 gpm on open pumping, 
develops 40 psi pressure. Filter 
tubes are available in cotton, dynel, 
porous stone or porous carbon, Mo- 
tor is 4, hp, 110 v, 60 cycle, single 
phase. Size of both models, 14 by | 
16 by 12 in. high. Sethco Mfg. Co., | 
Brooklyn, N. Y. 


Battery Charger: Four - circuit | 
Hobart Monitor for six-cell lead- | 
acid or ten-cell nickel-iron motor- | 
ized hand truck batteries. Four 


| charge controls, the motor starting 


switch and the motor and gener- | 
ator controls are mounted in the | 
monitor-top control cabinet as an | 
integral part of the motor gener- | 
ator set. Motor Generator Corp., 
Troy, O. 


Pump: Type “DF” end-suction, | 


| centrifugal unit with capacity up to | 
| 1000 gpm and heads to 400 ft. | 


| Features doube-row 
| ings, deep stuffing boxes, renew- | 





thrust bear- | 


able case wearing rings and shaft | 
sleeve with rubber sealing ring. | 
Pumps water, condensate, solvents, | 
brines, caustics, acids, organic liq- | 
uids, hydrocarbons, gasoline, oils, | 
ete. Warren Steam Pump Co. Inc., | 
Warren, Mass. 


Portable Tools 


Metal Cutter: Redesigned “Little 
Wonder” nibbler incorporates a 
punch and die arrangement for cut- 
ting metals, including stainless 
steel, up to 14 gage. Cuts holes in 
tubes and ducts without damaging 
original contours; cutting pressure 
is applied only to the metal being | 





Standard 
Pumps 
for Custom 
Applications 


pacity CHARTS 
id 


pump CA nd mQrOR BASE 


5 moots 
yron MOUNTED 


POSITIVE DISPLACEMENT 
TYPES 


from sg to 60 gpm 
200 to 500 rpm 


Types available: 


Reversing 
Non-Reversing 


Built with or without 
Automatic Relief Valve 


yb ele) (-ie) ae Dlol'¥e) (= Nolel-sel sate 
1125 51-1 | ae) at B) bc -Toi a Oxo) obel Tel (re. 


for Complete Catal! 


Pioneer Pune 


ivision of 


Detroit HARVESTER 


Company 
2750 Guardian Bidg. - Detroit 26, Mich. 


(FACTORY — Paris, Kentucky) 
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WHY ALUMINUM? 





B, switching from wood to aluminum, the 
Pioneer Iron Works of Sioux City, Iowa, dra- 
matically reduced the weight of these pig load- 
ing ramps from half a ton to only 200 pounds—a 
cut of 80%! Since these are portable ramps, 
moved from stock car to stock car when load- 
ing pigs, the importance of this weight reduc- 
tion can be immediately seen. One or two men 
can now easily handle the ramps where for- 
merly a crew was needed. Thus cost of operation 
is immediately lowered and the operation is 


speeded up. 


Furthermore, aluminum does not rust, rot, 
mildew or otherwise deteriorate from exposure 
to weather. These aluminum ramps do not 
require painting or other protective mainte- 











CASE NO. 37 PIONEER PORTABLE RAMP 


nance—they are much easier to clean and thus 
more important savings are effected. These are 
the kinds of dividends you can realize by 
using aluminum. 


In almost every industry a change to aluminum 
has provided manufacturing economies, im- 
proved designs and, at the same time, increased 
sales appeal. Ask Reynolds Aluminum Special- 
ists to help you apply aluminum’s advantages 
to your products and production. 


Call the nearby Reynolds office listed under 
*‘Aluminum”’ in your classified telephone direc- 
tory, or write to Reynolds Metals Company, 
2521 South Third Street, Louisville 1, Ken- 
tucky. Also, write for complete index of Alumi- 
num Design and Fabrication technical literature. 


“‘Mister Peepers’’ returns September 1 3th on NBC-TV. 


REYNOLDS Bas ALUMINUM 
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cut. Fan cools motor when in con- 
tinuous use. Available with a 220- 
v universal motor or regular 110-v 
motor. Fenway Machine Co, Inc.. 
Philadelphia, Pa. 

Electric Drill: Model 14-AU, 4- 
in. capacity, is built for continuous 
duty. Features ball-bearing con- 
struction throughout, aluminum al- 
loy frame, Jacobs three-jaw geared 

t N G | N os 7 R 4 S tu S y chuck and universal motor. No- 
load speed is 2500 rpm. Operates 
° ve ed on 115-v, 25 to 60-cycle ac or dc. 
Y our Prints and Sp ecs f Weighs 5 lb, is 10% in. long. U.S. 
ZOSTS dictate methods when economy of pro- Electrical Tool Div., Emerson Elec- 
duction is your objective. The experience and | tric Mfg. Co., St. Louis, Mo. 
knowledge of PHOENIXSPUN specialists quickly Pencil Type Grinder: Air driven, 
determine the quantity production point where will operate on pressures of £0 Ib 
costs of one forming method exceed that of other _ or more. Develops speed up to 110,- 
| techniques. The resulting recommendation brings 000 rpm and therefore is adapted to 
bre a focus both quality and economy factors in Carboloy burrs. Exhaust air ex- 
[ -efficiently handling the project involved. pelled from front end of the grinder 
Submit your prints and ‘‘specs"’ for prompt analysis and quotations. | blows dust seipred from the work. 
Used in die making, wood carving, 
; fine etching, polishing and finish- 
PAU : 5 | ing operations. Nu-Jett Products, 
Bh a Sia ©. | Grand Rapids, Mich, 
MILWAUKEE 16, WISCONSIN | 





UNIT COST 






























































QUANTITY 


METAL SPINNING 

DEEP DRAWING 

WELDING — All Types, 
Including Inert Gas 

ASSEMBLING 

















Testing and Inspection 





Gear Lead Checker: Sine-Line 


$ WHETHER IT’S ORIGINAL EQUIPMENT DESIGN |. vent ener: rite 
get TH! y OR CHANGING OVER TO AIR, YOU MAY SAVE on helical or herringbone gear 


gyLLET!™ ENORMOUSLY BY STANDARDIZING ON... from 18 to 48 i. OD with « max 
mum face width of 25 in. and a 


Eight pages, well | maximum shaft length of 96 in. 
illustrated, outlin- | Also checks parallelism of teeth 
ing Valvair’s unique on iarge spur gears. Either right 


advantages for you. - in | 
Thanks to Diversatility | or left-hand leads may be checked. 


The bulletin starts “a , = 
thus: x * * | Uses sine-bar principle to check 


“Valvair air control : ESPECIALLY ADAPTED TO | leads from 0 to 80 in. Operated by 


valves are — pe TOOLING AND FIXTURE DESIGN either manual or power drive. 
Tession Of an OFrigi- ° * 
aa exclusive, a x *« * | Gears of varying face widths or 
haps ingenious idea diameters; but with same lead, may 
ro ore _ | e Valvair Diversatility is an be checked without changing set- 
cons on. : — . 
: Se ee ae a ting of sine bar. Consists primarily 


“The objective: C , standardization. Five basic : 
To meet virtually . bodies permit incorporating of a transverse table carrying the 


countless require- any one (or two) control sine bar and a longitudinal table 
nag ae arnapay - oC assemblies with a standard which carries the indicator. Mich- 


types of valves , : . , 
than ever before,” ‘ ne oh cama we, + psa igan Tool Co., Detroit, Mich. 


tc. 
pom oo speed _ +. . no — Comparator: Universal Electro- 
our letter ... Sizes: 14" through 1”. | Mi shee a 
request will be ' Steyr we Sil yous endless now? limit circuit and gage block com 
answere yeoman | parator stand combined with the 
Poon a ee ee | electronic recorder provides an in- 
toy err strument with 110.000 to 1 magnifi- 
3-way, knob-operated iliate: Sinclair-Collins Valve Co. “ f 
aie contvel valve. 953 BEARDSLEY AVE., AKRON 11, OHIO cation. Range of the 11-in. scale 0 
REPRESENTATIVES IN PRINCIPAL CITIES the recorder is 0.0001-in., with each 
primary division equal to 5-mil- 
lionths in. and secondary divisions 
equal to 1-millionth in. Recorder 
has pen lifter and chart-drive 
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Me, ee 


Among other obligations... 


A itorteteMejuc(sab lee luucelccemerlmeeitrielnnce 


supply the commodity as’stated in the contract 








is routine. But every purchaser knows that 








there are many other and additional services 





that the seller can render which serve the con- 
venience and interests of the customers. 


Along with every order accepted by the 





Jojtteletet:Mejg:t:telts-teleye We CElem leu sce mm astomele) te 


gation to cooperate with the customer as well 





as to deliver the items as specified. 


Ask any Bunting customer. 








THE BUNTING BRASS & BRONZE COMPANY * TOLEDO 1. OHIO * BRANCHES IN PRINCIPAL CITIE 
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hydraulic 


CYLINDERS 


EASIER t install, 


and service on any 
application! ~~~ 


Free from projecting tie rods and end caps, O-M Cylinders 
slip easily into deep recesses in machine bases. Of All-Steel 
construction (no castings), they can be turned down to fit in 
close quarters. They are easily disassembled without wrenches 
due to internal-locking key. No gaskets to replace when re- 
assembled. And O-M Cylinders “Fit Where Others Won't"! 
They have the lowest coefficient of friction of any cylinder. 
All end plugs are tapped for universal mounting. The complete 
range of mounting brackets are interchangeable bore for bore. 


Available in a complete range of sizes (11%" to 8” bores), 
with standard, 2 to 1 and oversize drive rods. Completely 
interchangeable parts. 


14-day delivery on most sizes 


J fs Send today for FREE catalog and complete 
. of set of 44 and \4-scale templates showing 











MAIL COUPON NOW! 


ORTMAN MACHINE co. 


1210 150th Street * Hammond, Indiana 
[] Please send latest O-M catalog. 
(_) Please send complete set of templates. 


r-------- 


axe ame ome eas o> am eT 
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switch so that under normal opera- 
tion it is used as an indicating in- 
strument. Measurements can be 
recorded on the chart paper, how- 
ever, providing a permanent rec- 
ord. Pratt & Whitney, Div. Niles- 
Bement-Pond Co., West Hartford, 
Conn. 


Woodworking 


Circular Saw: Portable S-12 Air 
Saw operates on 90 psi air pres- 
sure. Cuts to a maximum depth 
of 4% in. Spur gear design of 
blade drive reduces arbor length 
between motor and blade. Throttle 
lever is located on the inside of the 
grip handle, and the saw blade is 
enclosed by a housing on top and 
a telescoping guard underneath. 
Hand screw and thumb screw ad- 
just depth and angle of cut. Maxi- 
mum thickness of material cut 
when the saw is set for a 45-degree 
bevel cut is 2%-in. Ingersal-Rand 
Co., New York, N. Y. 


Radial Arm Machine: Model GA, 
replacing previous model GR, has 
a longerarm. Roller head carriage 
which supports the overhead cut- 
ting member rides on eight bear- 
ings. Four of the grease-packed, 
double-row ball bearings are set at 
a 90-degree vertical plane to absorb 
the extra upward thrust from raf- 
ter notching, compound angle cut- 
ting, etc., and the other four are set 
at a 45-degree plane to absorb the 
side thrust created through normal 
sawing action. DeWalt Inc., Lan- 
caster, Pa. 

Electric Saw: Heavy-duty, 814- 
in. capacity portable Model 108 can 
cross-cut a 1 by 10-in. plank in % 
sec. Safety features include tele- 
scoping guard, auxiliary guard 
which automatically covers the 
front teeth at any depth and built- 
in kickproof clutch that eliminates 
bucking if blade hits an obstruction 
or binds in the wood. Die-cast alu- 
minum frame has loop handle and 
trigger switch; one-hand operation 
is possible in any position. Cuts 
dressed lumber to a maximum 
depth of 3 in.; cuts 24% in. deep at 
a 45-degree bevel, Universal fan- 
cooled motor operates at 4500 rpm. 
Saw weighs 1314 lb. Porter-Cable 
Machine Co., Syracuse, N. Y. 





& 


WE RECOMMEND 

THIC LUBRICANT 
TOOUR 
CUSTOMER 


—says PACKAGE MACHINERY COMPANY 
Springfield, Mass. 








7 





“We have found LUBRIPLATE 
Lubricants to be very effective 
and use them extensively in our ma- 
chines. To assure the proper use of 
LUBRIPLATE Lubricants for re-lubrica- 
tion, we place tags on our machines 
before shipment. Thus the purchasers 
of those machines know the LUBRI- 
PLATE Product we recommend for each 
application and where to obtain it.” 
For nearest LUBRIPLATE distributor, 
see Classified Telephone Directory. 
Send for free 56-page “LUBRIPLATE 
DaTA Book”. . . a valuable treatise on 
lubrication. Write LUBRIPLATE DIVvI- 
SION, Fiske Brothers Refining Co., 
Newark 5, N. J. or Toledo 5, Ohio. 


REGARDLESS OF THE SIZE 
AND TYPE OF YOUR MACHIN- 
ery LUBRIPLATE 
LUBRICANTS WILL IMPROVE 
ITS OPERATION AND REDUCE 
MAINTENANCE COSTS. 


a x 2 
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DISTRIBUTED BY 


Srown-Wales Co., Cambridge-Hartford-Auburn 
— Bridgeport Steel Co., Milford, Conn. — Beals, 
McCarthy & Rogers, Buffalo, N. Y. — Burger 
Iron Co., Akron, Ohio — Grammer, Dempsey & 
Hudson, Inc., Newark, N. J. — Earle M. Jorgen- 
sen Co., Los Angeles-Houston-Oakland-Dallas 
— Passaic County Steel Service, Inc., Paterson, 
N. J. — Peckover’s Ltd., Montreal-Toronto — 
Peninsular Steel Co., Detroit, Mich. — Pidgeon- 
Thomas Iron Co., Memphis, Tenn. — Horace T. 
Potts Co., Philadelphia-Baltimore-York, Penna. 


Produced by W. J. Holliday & Co., Inc., Speed 
Stee! Plate Division, Hammond, Indiana. 
Plants: Hammond and Indianapolis, Indiana. 
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Speed Case (X1515) low carbon, 
open hearth, steel plate has won 
the favor of numerous manufacturers 
of machine tools, because of its 
machinability, its ease of finishing 
and response to the various 
case hardening methods. 


Typical is Rotex Punch Co., 
Oakland, California, who adopted 
Speed Case for the die turret plate 
on their versatile presses. They report ease of machining, longer tool life 
and negligible distortion in heat treating. 









The die turret plate retains the dies which are readily removed and 
replaced. At a flick of the wrist a different size punch can be brought into 
position. The turret die plate is then rotated to desired position and locked 


in place. Rotex “Quick Change” Punch Presses 
are widely used in sheet metal, fiberboard, plastic and 
other fabricating plants. Punches and dies 
may be round, square or other shapes. Speed Case 
has ideal physical properties for this appli- 
cation. Perhaps it can save time and cut costs 
on your equipment. 


SEND FOR THE FACTS! 
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UNITED 
CLUTCH HEAD 
NW GANAS 


Driving parallel to the axis of the 
thread against a straight walled re- 
cess, is Clutch Head® screws’ claim 
to superiority over tapered recessed 
head screws. 

—less end pressure 

—less ride-out 

—reduced screw driver cost 

—plus the use of a common 

screw driver 

are the reasons more and more Com- 
panies are using Clutch Head screws. 


Write for engineering booklet. 


® Reg. U. S. Pat. Off. 


UNITED SCREW and BOLT CORP. 
CHICAGO 8, ILL ¢ CLEVELAND 2, OHIO 


NEW YORK 7, N. Y. 


OF MACHINES 


H. H. Gorrie, for- 
merly assistant chief 
engineer of the Bailey 
Meter Co., Cleveland, 
has been appointed 
chief engineer, to be 
directly in charge of 
the company’s engi- 
neering activities. Mr. 
Gorrie, a graduate of 
Rensselaer Polytech- 
nic Institute, joined 
Bailey Meter in 1927 
and was appointed as- 
sistant chief engineer 
in 1944. He is a reg- 
istered professional 
engineer in Ohio and H. H. Gorrie 
is active in the Amer- 
ican Society of Mechanical Engineers, the American 
Society of Testing Materials, the Scientific Apparatus 
Makers Association and the Cleveland Engineering 
Society. 


The nomination of 
Lewis K. Sillcox for 
1954 president of the 
American Society of 
Mechanical Engineers 
has been announced 
by the society. He 
will begin his term of 
office at the conclu- 
sion of the ASME an- 
nual meeting in No- 
vember. Mr. Sillcox 
was educated at Trin- 
ity School, New York, 
and L’Ecole Polytech- 
nique, Brussels. He 
began his career in 
the transportation in- Lewis K. Sillcox 
dustry in 1903 as a 
railroad foundry apprentice. From 1918 to 1927 he 
was general superintendent of motive power of the 
Chicago, Milwaukee & St. Paul Railroad, and in the 
latter year became first vice president of the New 
York Air Brake Co. In 1948 he was made a director, 
the following year was elected executive vice presi- 
dent, and in 1952 was elected vice-chairman of the 
hoard, the position he now holds. During the past 
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Sciaky giant 

PMMS5CT-400-60 , 

three phase seam and ~, 
roll spot welder 


a | 








There is nothing small . . . or ordinary . . . about this 
giant Sctaxy Seam WELDER. It has a 54” throat depth for longitudinal seam 
welding . . . a 60” throat depth for circular seam welding . . . and will 
deliver a maximum of 150,000 amperes of welding current between the 
electrodes. 

Engineers of Sciaky Bros., internationally famous pioneers and in- 
ventors of electric resistance welding equipment, found CLare ReEtLays a 
natural selection for their controls which demand the utmost in precise 
operation. Among the requirements were: 

* Extremely fast operation . . . Within half a cycle, two relays 

— one operating another — have to be energized and operate 

their contacts. 

Complete structural uniformity . . . Two relays with coils in 

series must operate their contacts simultaneously and maintain 

this performance consistently. 

No, this was no job for ordinary relays. Clare Relays were selected and are 
used for important precision controls in all Sciaky control panels. 

If your product, like the Sciaky welder, is a quality product . . . if you 
must have only the highest quality components . . . a consultation with the 
engineers of C. P. Clare & Co. can save you time and money. Experienced 
sales engineers are located in principal cities. Call them direct or write: 
C. P. Clare & Co., 4719 West Sunnyside Avenue, Chicago 30, Illinois. 
In Canada: Canadian Line Materials Ltd., Toronto 13. Cable address: 
Clare Relays which perform precise CLARELAY. 
functionsin control of Sciaky welders 
are of plug-in type with dust covers 


wourmar ne CSLANLSLS LS LANS 






CLARE 
Type C Relay 








CLARE 
Type J Relay 













NEW A Ss v A CATALOG 


Describes Scores of Solenoid Valves 
New Valve Catalog No. 24 brings you up-to-date on the ex- 
tensive ASCO line of Solenoid Valves (list prices are included). 
New valves developed and put on the market recently are 
described in detail for the first time. A few of these are: 
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These two are just examples of new valve data. If you have any 
need for controlling the flow of liquids or gases in the equip- 
ment you are designing or operating, you should find this 
up-to-date ASCO Valve Catalog useful. Want a copy? Just drop 
us a note or call up and let us know. We'll be glad to send it 
to you ...and extras for your associates if you desire. 



















We manufacture a complete line of Electro- 
magnetic Controls including Automatic Transfer 
Switches, Remote Control Switches, Contactors, 
Relays, and complete Control Panels. 
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Aulomatic Switch Co. 


387 LAKESIDE AVENUE - ORANGE, NEW JERSEY 











Men of Machines 





ten years he has been responsible for developing a 
brake cylinder release valve for freight cars, im- 
proved sanding methods for rail conditioning, a brake 
pipe feed valve and basic brake types. He also de- 
signed several types of aircraft hydraulic pumps. A 
Fellow of the ASME, to which he has belonged since 
1916, Mr. Silleox was made an Honorary Member in 
1946. In 1943 he was awarded the ASME Medal for 
distinguished service in engineering and science. 


. 


At the Summer General Meeting of the American 
Institute of Electrical Engineers, Elgin B. Robertson 
was elected president of the institute for 1953-1954. 
Mr. Robertson is president of Elgin B. Robertson Inc., 
Dallas, Tex. 


SJ 


K. V. Hackman is now president of Southwest Prod- 
ucts Co., Duarte, Calif. Mr. Hackman also serves as 
chief engineer of the company. 


. 


Recently appointed manager of technical operations 
of the Aviation Gas Turbine Div. of Westinghouse 
Electric Corp., Philadelphia, Thomas A. Daly will be 
responsible for the co-ordination and overall direction 
of technical operations at both the Philadelphia and 
Kansas City, Mo. jet plants. Mr. Daly joined the 
company in 1942. 


° 


J. A. Wilson Jr. has been appointed assistant chief 
engineer of the C. A. Norgren Co., Englewood, Colo. 
Mr. Wilson has been associated with the company 
since 1950 as chief draftsman and then as supervisor 
of design and drafting. He also served in engineer- 
ing capacities at Boeing Aircraft, Winter Weiss Co. 
and Silver Engineering Works Inc. before joining 


Norgren. 5 eh 
. 


Recently promoted to chief engineer of Potter & 
Johnston Co., Pawtucket, R. I., Gordon W. Smithson 
will direct all product improvement, engineering and 
research, both mechanical and electrical, on the com- 
pany’s line of machine tools. 


. 


Elgin National Watch Co., Elgin, Ill., has appointed 
C. N. Challacombe as assistant director of research. 
Earl H. Schaefer has been promoted from chief man- 
ufacturing engineer to head of the entire engineering 
department; Max Favret is now fechnical co-ordinator 
for the company; and Richard W. McCornack is chief 
production engineer. Dr. Challacombe joined the com- 
pany in 1942 as a senior research engineer and was 
later promoted to chief product development engineer. 
Mr. Schaefer has served as research engineer, assem- 
bling department head and assistant manager of the 
company’s Lincoln, Neb., factory since joining the 
company in 1941. Mr. Favret came to Elgin in 1949 
from Switzerland where he was chief engineer of the 
Langendorf: Watch Factory and as technical and man- 
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Graph-Mo steel die draws contour 
shell 57/s" deep without scoring! 


O keep production up and finishing costs down 

when deep drawing contour shells for home fryers, 
the Dickey Grabler Company, Cleveland, Ohio, uses 
dies made of Graph-Mo*—one of four Timken® graph- 
itic tool steels. 


Because of the free graphite in its structure, Graph- 
Mo has outstanding low-friction properties: minimum 
tendency to score, seize, scuff or gall. As a result, 
Graph-Mo dies make the difficult 5%” deep contour 
draw without scoring the stamping. Costly polishing 
before the chrome-plating operation is eliminated, die 
life increased. 


YEARS AHEAD —THROUGH EXPERIENCE AND RESEARCH 


SPECIALISTS 
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Graph-Mo offers other die advantages, too. The 
diamond-hard carbides in Graph-Mo give excellent 
resistance to wear and abrasion. It responds uniformly 
to heat-treatment, permitting closer tolerances in the 
parts. It has good stability, and is easier to machine 
than ordinary tool steels. 

For more helpful information on the four Timken 
graphitic tool steels and their uses in dies, punches, 
gages and machine parts, write for the 10th edition of 
“Timken Graphitic Steel Data Book”. The Timken 
Roller Bearing Company, Steel and Tube Division, 
Canton 6, Ohio. Cable address: ““TIMROSCO”’. 
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IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 
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Cut Wiring Time 


withH 


‘DIAMOND H 


Heater and 
Motor Rated 
Rotary Switches 


Simplest and fastest method yet devised for 
wiring up a switch provides instant, automatic, 
positive connection ... without binding screws, 
extra clips or other gadgets. Push the stripped 
end of your standard wire, solid or stranded, 
into auto-lock connection of Series 850 Rotary 
Switches and wire is gripped firmly. Depressing 
small lever gives instant release. 


Compact design permits close cluster or in-line 
assemblies. Standard, heavy and horsepower 
ratings available in off-on, 3-heat, 5-heat, 7-heat, 
9-heat and special circuits with one-hole, two- 
hole or special mounting arrangements. Patent 
pending. UL Approved. Ruggedly built to give 
extra-long service. Send us your requirements. 


THE HART MANUFACTURING COMPANY 
118 Bartholomew Avenue, Hartford, Connecticut 
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ufacturing director of watchmaking at the O. Schild 
watch factory. Mr. McCornack has been a member 
of Elgin’s production engineering department since 
1946. 


° 


Chase Donaldson has been elected president of East 
Coast Aeronautics Inc., Pelham Manor, N. Y., a sub- 
sidiary of Barium Steel Corp. Since 1946 Mr. Don- 
aldson has served as consulting engineer on new prod- 
ucts and processes for several industrial companies. 


* 


New assistant to the president of Doerr Electric 
Corp., Cedarburg, Wis., is Karl A. Blind, whose duties 
will be mainly the development of new products. Pre- 
vious to joining Doerr, Mr. Blind was chief engineer 
of the Dings Magnetic Separator Co. 


¢ 


L. Eugene Root has been appointed director of 
development planning by Lockheed Aircraft Corp., 
Burbank, Calif., to head a new program of aviation 
development. Under the direction of Mr. Root, a 
group of engineering scientists will seek to forecast 
aviation trends 10 to 25 years in the future. En- 
deavoring to hasten future developments, the devel- 
opment planning group will study directions of avia- 
tion development; trends in power, speed and aircraft 
capacity; utilization of accumulated scientific knowl- 
edge; and will forecast generally corporate activi- 
ties in future weapons systems involving new types 
of airplanes and missiles. Mr. Root holds master’s 
degrees in mechrnical and aeronautical engineering 
from California Institute of Technology and has had 
19 years of varied experience in aviation. 


° 


The Pannier Corp., Pittsburgh, has appointed J. M. 
Hendrickson to the position of vice president in 
charge of research and development. He was former- 
ly director of mechanical research at the Eljer Co., in 
charge of product design and development. 


¢ 


Louis H. Schuette, vice president in charge of the 
Hydraulic Div. of Sundstrand Machine Tool Co., 
Rockford, IIl., has been elected a director. 


. 


Former research engineer at the Borg-Warner cen- 
tral research laboratory, Donald H. Madsen has been 
named a research engineer in the hext-power depart- 
ment of Armour Research Foundation of Illinois Insti- 


tute of Technology. 
. 


Benjamin Cametti has been appointed manager of 
the pump engineering section of the Atomic Equip- 
ment Department of the Westinghouse Electric Corp., 
Pittsburgh. He joined the company in 1925 and has 
served in various capacities, including tool designer 
and engineering draftsman. He was chief drafts- 
man at the research laboratories from 1934 to 1942 
and a research engineer from 1942 to 1949. 
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: ustom Molde 
n- 
'| Rubber Part 
ric 
es © is extreme temperature, or atmospheric 
ol conditions 
® or is service with special fuels 
; and lubricants 
o 
D. * or is service with acids and’ greases 
on 
al * or is exacting tolerance 
st ifi . 
_ specifications 
]- 
4 CALL THE PARKER - 
I RUBBER ENGINEER , 
j- 
2S 
’s 
§ 
d 
Meeting your requirements for molded rubber parts is 
a PARKER specialty. Answering your problems is a 
challenge to the PARKER Rubber Engineer. 
n If rubber parts must give long and trouble-free service 
7 under very difficult operating conditions, PARKER’s 
research and experience may hold the moneysaving 
answer for you—as it has for many PARKER customers 
in automotive, electrical equipment and other industries. 
e 
EXCLUSIVE NEW TECHNIQUES— Newly perfected high- 
production processes and molding methods mean lower 
cost and greater value in finest custom molded rubber 
. parts. Investigate this PARKER service; mail the 
. coupon today! 


Dratuorets 


j RUBBER PRODUCTS DIVISION 


THE PARKER APPLIANCE COMPANY 
17325 EUCLID AVENUE + CLEVELAND 12, OHIO 
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FOR EXAMPLE: 


This RADAR SCREENER PAD, (approx. 134” 
long), molded from a fuel-resistant com- 
pound, presented an intricate molding prob- 
lem because of the difficulty of removing 
the part from the mold. 








This GRAIN SPACER (approx. 6” in dia.), a 
typical spacer gasket, which, through per- 
fection of new cost-saving methods and 






processes, can be produced in large volume 





in a relatively short time. 





This RADAR GROMMET (approx. 1%” 
wide), involving a complicated molding 
problem, but which, again thanks to newly 






perfected techniques, is handled to the cus- 





tomer's complete satisfaction from both a 
time and price standpoint. 










PARKER Rubber Products Division 


The PARKER Appliance Company 
17325 Euclid Avenue, Cleveland 12, Ohio 


() Please send information on Custom Molded Rubber Parts. 
C) Please have PARKER Rubber Engineer call on me. 
INDIVIDUAL 
COMPANY. 
ADDRESS. 
city. STATE 
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THE COMPANY 
The Hughes Laboratories, 
located in Southern Califor- 
nia, are presently engaged 
in the development and pro- 
duction of advanced radar 
devices, electronic com- 
puters and guided missiles. 


THE OPPORTUNITIES 
Opportunities are offered 
for men who will perform 
interesting work on devel- 
opment of intricate new 
devices in close association 
with outstanding scientists. 
Activities embrace a variety 
of challenging problems 
which require originality 
and afford unusual possibili- 


ties of progress in learning. 


FIELDS OF WORK 
The work includes such 
fields as those involving 


CULVER CITY 


ELECTRO- 
MECHANICAL 
ENGINEERS 


DESIGNERS 


SMALL, 
PRECISION 
DEVICES 


HUGHES RESEARCH 

AND DEVELOPMENT 
LABORATORIES 

one of the nation’s leading electronics 
organizations, is now creating a number 
of new openings for qualified electro- 
mechanical engineers and designers in 
important phases of its operations. 


Servo Mechanisms, Com- 
puters, Microwave Tubes, 
Pulse Circuitry, Solid-State 
Physics, Miniaturization, 
Antennas — Wave- guides, 
Heat Transfer, Hydraulics— 
Gyros, Test Equipment, 
Subminiaturization, Stress 
Analysis, Instrumentation, 
Structures, and Precision 
Production Mechanisms. 


YOUR FUTURE 
Working experience in ad- 
vanced techniques employ- 
ing the above fields will 
increase your value to the 
Company as it further ex- 
pands in development of 
electro-mechanical devices. 
Large-scale use of electroni- 
cally controlled systems in 
business and industry is a 
certainty within the next 
few years. 


7 How to apply 
Write today to address below, giving 
; details of qualifications and experience. 
| Assurance is required that any reloca- 
| tion of an applicant will not cause dis- 
| ruption of an urgent military project. 
ancasinhonniii leinateaerenreniemnomeveieneinsoies 
— ! | RESEARCH 
and | | AND 
. . | 
Engineering | HUGHES | DEVELOPMENT 
Staff ; LABORATORIES 
as | ! 


LOS ANGELES COUNTY, CALIFORNIA 


THE ENGINEER’S 


Library 


Recent Books 





Applied Kinematics. By J. Harland Billings, professor 
of mechanical engineering, Drexel Institute of Technology; 
360 pages, 6 by 9 inches, clothbound; published by D. 
Van Nostrand Co. Inc., New York; available from Ma- 
CHINE DESIGN, $4.50 postpaid. 


A thorough solution of problems involved in the de- 
sign of machines and their mechanisms requires a 
comprehensive understanding of kinematics. This 
textbook fills this need and a study of it would pro- 
vide adequate preparation for work on servomechan- 
isms and analog computers. About the first half of 
the book is comprised of the basic subjects of motion 
in machines, various kinds of mechanisms including 
cams, and a discussion of velocities and accelerations. 
A rather large section is devoted to gears and gearing 
while the subjects of automatic control and computers 
are treated in the final chapter. 


Electric Control Systems. By Richard W. Jones, pro- 
fessor of electrical engineering, Northwestern Technolog- 
ical Institute; 525 pages, 6 by 9% inches, clothbound; 
published by John Wiley & Sons Inc., New York; avail- 
able from MACHINE DESIGN, $7.75 postpaid. 


Written with the assumption that the reader has 
had the normal background in circuit theory, electric 
machinery, electronics, and differential equations, this 
book is concerned primarily with control systems for 
electric motor drives. Dc and ac motor characteristics 
are thoroughly covered in the first sections of the 
book followed by a study of switching and contact- 
making devices and circuits. In succeeding chapters 
a treatment is made of power amplifiers, control 
circuits, motor acceleration and speed control, motor 
braking and protection, and feed back control. 


Materials Handling. By John R. Immer, professor of 
industrial management, American University; 599 pages, 
6% by 9% inches, clothbound; published by McGraw- 
Hill Book Co. Inc., New York; available from MACHINE 
DESIGN, $8.00 postpaid. 


This text is the product of the development many 
companies have made in establishing techniques, meth- 
ods, and philosophies of materials handling. Con- 
sisting substantially of case histories, principles are 
demonstrated to show how more efficient methods of 
material movement can be accomplished. The sub- 
jects of time and motion study, materials handling 
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Philadelphia 


To insure long, dependable service from Phila- 
delphia Worm Reducers, the greatest care and 
research goes into the selection of materials for 
the worms and worm gears. The predominant 
sliding action dictates the use of dissimilar metals 
to minimize frictional wear. , 
Philadelphia Worms are of alloy steel with 
hardened threads. Shaft and threads are 
smoothly ground and polished after hardening. 
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Reducers 


The result is increased gear life through improved 
surface finish. 

Worm Gears are of high quality chill cast 
nickel bronze to provide greatest strength, with 
a low coefficient of friction against the worm. 

These and other features of Philadelphia Worm 
Gear Reducers are explained in detail in our 
Catalog WG 51 . . . send for a copy. 


bao “oH 


Philadelphi 


—— : ERIE AVE. AND G ST., PHILADELPHIA 34, PA. 
we ~NEW YORK - PITTSBURGH * CHICAGO - HOUSTON - LYNCHBURG, VA. 
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equipment, packaging, handling problems analysis, 
and organizational programs are encompassed in this 
volume. Chapters on operator training and instruc- 
| tion, maintenance, and safety are included. 
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The High-Speed Internal-Combustion Engine. By Harry 
R. Ricardo, 432 pages, 6% by 9% inches, clothbound; 
published by Blackie & Son Ltd., London; available from 
Autobooks, 2708 Magnolia Blvd., Burbank, Calif.; $11.00 





Photo shows 
planetary 
gear system 
cssembled. 














A fourth edition, this book was first published 
in 1923. Completely rewritten, this edition concen- 
trates on research, design and development work in 
this field with particular emphasis on the subject of 
mechanical efficiency. Thorough detailed cross-sec- 
tional drawings of internal combustion engines are 
found throughout the volume. 

























Vacuum Tube Oscillators. By William A. Edson, Stan- 

ford University; 492 pages, 6 by 9 inches, clothbound; 
published by John Wiley & Sons Inc., New York; avail- 
| able from MACHINE DESIGN, $7.50 postpaid. 











The transient behavior of linear systems, negative 
resistance oscillators, nonlinear oscillations, feedback 
systems and stability criteria, and resonators are in- 
troduced in the first chapters of this took. A cover- 

| age is made of linear, harmonic, crystal-controlled, 
and relaxation oscillators. Other topics dealt with 
include locking and synchronization, frequency multi- 
plication and division, modulation of oscillators, and 
automatic frequency control. 





Pictured above is Euclid 
Road Machinery's im- 
mense 25 or 40 ton coal 
hauling equipment using 
planetary gears. 









Photo at right shows an 
alternate design of the 
sturdy planetary gear 
carrier. 











Manufacturers’ Publications 


Simple Blueprint Reading with Special Reference to 
Welding and Welding Symbols. 207 pages, 5% by 8% 


Stan re ae rd ize 
inches, clothbound; available from Lincoln Electric Co.. 


22801 St. Clair, Cleveland, O. $1.00. 
GEARS o +4 id REDUCERS _ 
A fourth edition, this book contains new informa- 


Ohio Gears are at work in all their glory when operating for Euclid tion, more drawings, and photographs along with a 
Road Machinery, world's leading manufacturer of heavy duty coal complete revision of symbols and other welding data 
haulers and earth moving equipment. Here's where gear engineer- to conform to the latest standards. The material is 


















ing, strength and durability meets its test, on long hauls, up and s : : 

down steep grades, forward and backward over broken terrain, at intended to provide ° clear understanding of the use 
any angle, pushing and pulling 25 or 40 ton loads on 4 wheel | of blueprints in mechanical fabrication and construc- 
planetary gear drives, at various speeds, tensions and stresses. All tion. After basic welding principles are explained, 


this on Ohio Gears, every day, year in and year out, with engineer- 
ing in every ounce of metal and every measurable gear dimension 

. Euclid Road Machinery demands dependable gears. Perhaps 
your products need such mechanical insurance, See our nearest 7 
distributor or write direct. 


welding symbols and their use are fully described. 





ESTABLISHED 1915 Welding Aluminum. 186 pages, 6 by 9 inches, paper- 
ae OMG GEAR COMPANY bound; available from Reynolds Metals Co., 2500 8. Third 
3 a ome St., Louisville, Ky., on company letterhead request. 


| Information concerning welding, brazing, and sol- 
| dering aluminum are included in this handbook refer- 
ence. Gas, arc, flow, stud, induction, resistance, up- 
set, and pressure welding are covered along with 
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Items like these 
available QUICKLY at 
CHASE’ warehouses 







COPPER NAILS 
and TACKS 
STORM NAILS 


















BRASS and BRONZE BRASS and BRONZE CAP, 
BOLTS and NUTS MACHINE and LAG SCREWS BRASS COTTER PINS BRASS and COPPER RIVETS, BURS 


BRASS, BRONZE and 


SOLDERING COPPERS BRASS STRAINER CLOTH AUTOMOTIVE FITTINGS 


4 ed 
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Can US FOR ANYTHING from Bearing Bronze Bars to 
Brass or Bronze Bolts ...or any other brass or copper 
fuses item for maintenance, repait, operating or production. 


. 
33304 





PERFORATED METAL IN 


BRASS, BRONZE and COPPER Twenty-four Chase warehouses are located in major 


industrial centers from coast to coast. Phone the one 
nearest you. We can usually fill your orders from stock. 


<== Chased srs cn 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 
The Nation’s Headquarters for Brass & Copper 











Albany t Chicago Denvert Kansas City, Mo. Newark Pittsburgh San Francisco 
Atlanta Cincinnati Detroit Los Angeles New Orleans —Providence Seattle 
Baltimore Cleveland Houston Milwaukee New York Rochester t 








Waterbury 
Beston Dallas Indianapolis Minneapolis Philadelphia St. Louis ( Tsales office only) 
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Purebon 


SOLVES MANY PROBLEMS 


caused by sliding or rotating 
parts which are DIFFICULT OR 
IMPOSSIBLE TO LUBRICATE 


A constantly increasing stream of problems are fac- 
ing engineers and designers today involving sliding or 
rotating parts where lubrication is difficult or impos- 
sible. For such applications, Purebon, the mechanical) 
carbon, is often the ideal answer. Typical applications 
are seal rings, bearings, pistons, piston rings, pump 
vanes, valve seats, meter discs, and a host of similar 
items. Purebon comes in a wide variety of grades. It is 
strong, tough, readily machinable and in many cases 
can be molded directly to size. 


Bulletin No. 52 tells the complete story of Purebon. 
Write for your copy today. 


PURE CARBON CO., INC. 


446 HALL AVE. ST. MARYS, PA. 
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The Engineer's Library 





torch, furnace, salt bath, induction and resistance 
brazing. Many tables and illustrations are provided 
throughout to augment the text. 


+ 


Engineering Data on Thread and Form Rolling. 41 
pages, 81% by 11 inches, paperbound; available from Reed 
Rolled Thread Die Co., Worcester 1, Mass., $1.00 per copy. 


The threed rolling process, advantages and applica- 
tions of rolled threads, and equipment and tools for 
producing rolled threads are covered in the first half 
of this pamphlet. In the second half rollability of ma- 
terials is discussed and tables concerning rolled thread 
finishes and relative die life are presented, Preferred 
forms for rolling, blank specifications; and pertinent 
reference tables are also included. 


Association Publications 


Boron Steel. 116 pages, 81% by 11 inches, paperbound; 
available from American Society for Metals, 7301 Euclid 
Ave., Cleveland 3, O.; $1.00 per copy. 


A second revised edition, this booklet is made up of 
panel discussions, ASM Transactions articles, and ar- 
ticles that have appeared in Metal Progress concern- 
ing the subject of boron steel. A section covers expe- 
riences with boron steels followed by two articles 
which discuss the effect of boron on steel. A harden- 
ability test, H-steels, and their use are included in a 
supplement at the end. 


American Management Association Series. Hach pub- 
lication is 6 by 9 inches, paperbound; copies available 
from American Management Association, 330 W. 42nd 
St., New York 36, N. Y.; $1.00 each for members, $1.25 
for nonmembers. 


The following publications are available: 


Manufacturing Series 


209. Guides to Meeting Tomorrow’s Production Needs 
210. Industry Enters the Atomic Age—31 pages. 


64 pages 


New Standards 


Safety Code for Mechanical Power-Transmission Ap- 
paratus. ASA B15.1-1953; 52 pages, 54% by 7% inches, 
paperbound; available from American Society of Me- 
chanical Engineers, 29 W. 39th St., New York 18, N. Y.; 
$1.00 per copy. 


The scope of this code applies to all moving parts 
of equipment used in the mechanical transmission of 
power, including prime movers, intermediate equip- 
ment and driven machines, excluding point of opera- 
tion. Safeguarding of connecting rods, cranks, fly- 
wheels, shafting, pulleys, drives, gears, sprockets, pro- 
jections, cams, clutches, counterweights, revolving or 
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MAGNESIUM OFFERS YOU 
SUPERIOR MACHINABILITY 


Increased tool life and lower 
machining costs are possible 


Of all structural metals, magnesium is the easiest 
to machine. Heavier depths of cut and higher rates 
of feed than are used on other metals are possible 
when machining magnesium. 


With increased machining speeds, magnesium 
helps you realize savings in production costs, par- 
ticularly when extensive machining operations 
are required. 


Magnesium cuts freely, too, assuring increased tool 
life. In fact, the life of high-speed steel cutting tools 
when machining wrought magnesium equals the 
life of carbide-tipped tools on other metals. 


you can depend on DOW MAGNESIUM 


= 
* 
~ be 





Excellent surface finish is obtainable when machin- 
ing magnesium because there is no tendency for 
metal to tear or drag. Extremely accurate parts with 
dimensional tolerances of only a few ten thou- 
sandths of an inch can be made by standard 
machining operations. 


Free Book: “MACHINING MAGNESIUM’. This fact-filled 
book will give you complete data on all machining 
operations with magnesium. It also includes in- 
formation on tool design, coolants and shop prac- 
tice. For your copy, call your nearest Dow sales 
office or write THE DOW CHEMICAL COMPANY, Mag- 
nesium Department, Midland, Michigan. 
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High Pressure 


soLell 
VALUES ... 


i 






have working pressures 
range as high as 3000 psi. 
Specifically designed for 
remote push button control 
of hydraulic systems, as 
well as for the handling of 
any non-corrosive fluids. 
Poppet construction elim- 
inates leakage. Impreg- 
nated coils are oil and moisture resistant. Unit can be 
mounted in any position. Available in 110-220 A.C, 


ADJUSTABLE 


FLOW REGULATORS 











for cylinder speed control over a 50% range are built 
for pressures to 3000 psi. Model 320 shown meets require- 
ments for cylinder speed adjustment yet maintains constant 
speed regardless of work or pressure fluctuations. There 
are types for Machine Tools—Earth Moving, Material Han- 
dling and Farm Equipment—Packaging Machinery—Steel 
and Paper Mills—Refineries—Printing Presses. 


MICRONIC 


LINE FILTERS 
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are made in pressures to 5000 psi for air, oil, water and 
other fluids. Compact—simple in design—have built-in dura- 
bility—easy to clean. Micronic element filters to 40 Microns 
providing full protection for pumps, valves and cylinders. 
The elements, low in cost, are easily replaced. Make pos- 
sible maximum flow with minimum pressure drop. 


Write for our engineering cooperation 
or illustrated circular F 
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reciprocating parts, etc. are among the items covered. 


1952 Book of ASTM Standards. Seven volumes, 6% by 
9% inches, clothbound; available from the American So- 
ciety for Testing Materials, 1916 Race St., Philadelphia 
3 Pa.; complete set—$76.00; parts 1, 3, 6—$12.00 each; 
parts 2, 4, 5, 7—$10.00 each. 


More than 2000 standards, specifications, tests, and 
definitions for materials are compiled in this 9975- 
page book which is made up in seven parts. The 
parts comprising the complete set are: 


Part 1—Ferrous Metals; 291 standards, 1602 pages. 

Part 2—Nonferrous Metals; 268 standards, 1359 
pages. 

Part 3—Cement, Concrete, Ceramics, Thermal In- 
sulation, Road Materials, Waterproofing and 
Soils; 405 standards, 1666 pages. 

Part 4—Paint, Naval Stores, Woods, Fire Tests, 
Sandwich Constructions, Building Construc- 
tions; 273 standards, 1182 pages. 

Part 5—Fuels, Petroleum, Aromatic Hydrocarbons, 
and Engine Antifreezes; 213 standards, 1282 
pages. 

Part 6—Rubber, Plastics and Electrical Insulation; 
257 standards, 1520 pages. 

Part 7—Textiles, Soap, Water, Paper, Adhesives and 
Shipping Containers; 294 standards, 1364 


pages. 


Each part has a detailed subject index and two 
tables of contents. A complete index to standards 
is also furnished without additional charge. To keep 
the material up-to-date, a supplement to each part 
will be issued in 1953. 





Spindle Noses and Arbors for Milling Machines. ASA 
B5.18-1953; 7 pages, 8% by 11 inches, paperbound; 
available from American Society of Mechanical Engi- 
neers, 29 W. 39th St., New York 18, N. Y.; $1.00 per 
copy. 


Drawings and essential dimensions of spindle noses, 
arbor and adapter ends, and draw-in bolt ends are 
covered. All dimensions are given in inches, and sizes 
30, 40, 50 and 60 make up the standard. 


Government Publications 


NACA Technical Series. Each publication is 8 by 10% 
inches, paperbound, side-stapled; copies available from 
National Advisory Committee for Aeronautics, 1924 F 
St. N.W., Washington 25, D. C. 


The following Technical Notes are available: 


2924. Combined Stress Fatigue Strength of 76 S-T61 Aluminum Alloy 
with Superimposed Mean Stresses and Corrections for Yielding—90 
pages, 

2930. Strength Analysis of Stiffened Thick Beam Webs with Rativs of 
Web Depth to Web Thickness of Approximately 60—11 pages, 

2939. Optimum Controllers for Linear Closed-Loop Systems—27 pages. 

2940. Effect of High Bulk Temperatures of Boundary Lubrication of 
Steel Surfaces by Synthetic Fluids—27 pages. 
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PHOTO COURTESY OF SHELLMAR PRODUCTS CORP., MT. VERNON, OHIO 


“picture packages” for Lipton’s 


Have you noticed the new trend in food packaging? Today, 
every food producer wants color in his packages—bright, rich color 
that will catch the customer’s eye—and hold it! 


One thing that helps to make these “‘picture packages” possible is a 
new method of lamination used to hold a transparent film (on 
which the colorful advertising matter is printed) toa 

protective foil (in which the food will be contained). 


Many packagers rely on 3M adhesives to bond film and foil together. 
Some, for example, use a 3M adhesive which is 

completely transparent when dry. What’s more, it forms an 
immediate bond once applied. And its fast-drying property makes it 
possible to laminate packages on machines running at high speeds. 





See what adhesives can do for you... 

Making “picture packages” for Lipton’s is another example of how 
8M helps industry solve problems. For ideas on how 3M can help 
you, call in your 3M sales representative, or write for free, sev catdes i= 


booklet describing many applications. Address: 3M, Dept. [iAiwee 


an: 


198, 411 Piquette Ave., Detroit 2, Mich. eon 


. MINNESOTA MINING AND MANUFACTURING COMPANY 
ADHESIVES COATINGS» SEALERS ADHESIVES AND COATINGS DIVISION . 411 Piquette Ave., Detroit 2, Michigan 


GENERAL SALES OFFICES: ST. PAUL 6, MINN, ¢ EXPORT: 122 E. 42 ST.,N.Y. 17, N.Y. ¢ CANADA: LONDON, ONT, 
MAKERS OF “SCOTCH’ BRAND PRESSURE-SENSITIVE ADHESIVE TAPES @e “SCOTCH” BRAND SOUND RECORDING TAPE @e“SCOTCHLITE” BRAND 
26. U6 Pat OFF, wes v6 Pet OFF 58 U.S Pat. OFF, 


REFLECTIVE SHEETINGS @ **3M" ABRASIVE PAPER AND CLOTH @“*3M"* ADHESIVES AND COATINGS @ “3M ROOFING GRANULES @ “*3M"" CHEMICALS 
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NOTEWORTHY 


I NSTANTANEOUS POWER REVERSAL for frac- 
tional horsepower motors is achieved in a motor sys- 
tem designed by Jacob Rabinow and detailed in patent 
2,632,141. Assigned to the United States of America 
as represented by the Secretary of the Army, the sys- 
tem employs a long torsion bar fastened to one end of 
a conventional motor with a double-ended shaft. In 
normal operation, the motor is free to rotate in either 
direction. However, actuation of a switch to reverse 
the motor rotation simultaneously operates a toothed- 
clutch arrangement to lock the torsion bar at its far 
end. Rotational energy of the motor is absorbed in- 
stantly by the “winding up” of the bar, which also 
acts as a torsion spring to throw the motor in reverse. 
Designed for computer applications, the system has 
been used successfully to reverse a 1/20-horsepower 
motor in 1/200-second. 


Minimum STARTING DEMANDS reduce initial 
power requirements in a radial piston type hydraulic 


posing 


SELF-LOCKING ANCHOR NUTS 
BOLT AND NUT RETAINERS 


pump and permit rapid acceleration to full load condi- 
tions. Designed by Floyd E. Carlson, the pump uses 
a clever flyball governor and cam mechanism to con- 
trol the output pressure of the pump. Pumping action 
is provided by an eccentric on the drive shaft which 
imparts a circular motion to a nonrotatable cylinder 
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block, driving radial pistons carried in the block. Seal- 
ing pressure between the block and an end wall con- 
taining the fluid ports is varied by the flyball governor 











In this application, our customer had been using 
three separate parts, making installation costly 
and difficult; removal was impossible. We designed 
wa an inseparable, floating nut assembly. It can be 
: installed easily, or removed quickly. Result: 
sharply reduced costs. 


SHARE YOUR FASTENING PROBLEMS 
WITH OUR ENGINEERING STAFF 


Our 10 years experience, devoted exclu- 
sively to the design and development of 
specialized fasteners, enables us to help 
you. Consultation, especially in the design 
stage, will result in a cheaper, more effi- 
cient fastener for your product. Write today 


to NUTT-SHEL Co. Inc., Dept. M0, 811 Airway, 
Glendale 1, California. 
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| Helps make 
plastics better... 
zi safer... lighter... 
| stronger 


Fiber glass is one of the big reasons why the 

use of plastics continues to expand so rapidily. 

With fiber glass reinforcements, plastic lam- 

inates attain the greatest strength per weight 
ratios of all materials. And they are being | 
made to utilize numerous other properties, too | 
—resistance to high temperatures, to water 
and oils, to electrical stresses, to corrosive 
chemicals and vapors. Important design, pro- 
duction and cost advantages are thus being 
realized in the manufacture of many structural 
and electrical products. 


Pittsburgh Fiber Glass is being widely used 
in this field, especially where exceptionally 




















































| 
. . uniform fiber diameters are an advantage in 
—— ardiemanicaae producing laminates to close tolerances. Our 
vp technical staff will be glad to lend assistance 
Made in the nation’s newest fiber glass with any application involving the use of 
Pant, using © ayetam of contvels that fiber glass. Pittsburgh Plate Glass Company, 
produces continuous filament fiber to Fiber Cl Divisi 420 F D 
extremely uniform diameters. — pape ’ iene, ort —_— 
N Boulevard, Pittsburgh 22, Pa. District Offices: 
! Chicago, Cincinnati, Cleveland, Detroit, New 
, York, Washington. 
) 
| PAINTS * GLASS +¢ CHEMICALS - BRUSHES «+ PLASTICS 
j 
ges) SB ace. omy CE os a ee COMPANY 





now — 
a foolproof flange joint 
that seals tighter...LONGER 


of Linear O-Rings,’you can now de 


Through the use 
ign flange joints in pressure piping that completely 


nate all limitations of flat gasketing 


Easier assembly: just draw up the joint to make 


al) ¢-] move]ah elon @malem 401-13), 1014 ommalem-lel 01-174 
> to 


an design the bolted 


wn apaalelebar-lelelialcar- me 


nressire 
ela ->-)-1 014. 


Zero maintenance: no need f 


LINEAR, Inc., State Rd. & Levick St., Philadelphia 35, Pa. 





Noteworthy Patents 





device so that full pumping pressure is not developed 
until the shaft reaches approximately full speed. Brak- 
ing of the load after power cutoff is gradual, permit- 
ting the motor and pump to coast to a stop. The 
pump design is covered in patent 2,621,606, which has 
been assigned to Sundstrand Machine Tool Co. 


Low-rricrion SEALING of reciprocating vanes 
in a rotary impeller pump for high-pressure pneumatic 
operation minimizes leakage and obviates close-toler- 
ance machining requirements of conventional types. 
In the design covered in patent 2,625,112, flat vanes, 
sliding back and forth in slots in a cylindrical rotor 
which is offset to provide pumping action, are sealed 























by spring-loaded lead-bronze shoes mounted adjacent 
to the rotor slots. Dimensional changes in the slots 
and vanes due to pressure and temperature variations 
at high speeds which would have an adverse leakage 
effect are compensated automatically and the center- 
ing action of the shoes reduces friction and wear at 
the slots. Actual tests have shown substantial im- 
provements in efficiency accompanied by reduced tem- 
peratures of operation. Inventor Carl J. Stubau has 
assigned the patent to Borg-Warner Corp. 


Excessive PRESSURE PROTECTION for hy- 
draulic systems is afforded by a relief valve assigned 
to the New York Air Brake Co. Designed by William 
T. Stephens, the valve covered in patent 2,630,825 is 
employed between the high pressure side of a pump 
and a reservoir. In normal operation, flow bypasses 
the valve and goes directly to the load. However, ex- 
cessive pressure buildup in the lines actuates a cylin- 
drical spring-loaded plunger in the valve permitting 
fluid to be discharged to the reservoir until the pres- 
sure conditions return to normal. Simple and com- 
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“U.S.” cushions a pile hammer 


...using a 93-year-old 
design 








Rated striking energy of 
this hammer is 15,000 
foot pounds. It strikes 60 
blows per min. 











Arrows indicate the 
“U. S.” rubber bump- 
ers. Despite the terrific 
series of impacts, they 
retain their natural re- 
silience. 





This pile hammer is equipped with 2 
“U. S.” rubber bumpers at the top of the 
ram, and 2 at the base. It’s their job to 
absorb the smashing over-drive of the 
hammer and prolong the life of the 
equipment. But the main point is that 
for the last 53 years these bumpers have 
been built according to the same blue- 
print. So perfect was the design that the 
makers of the hammer have never re- 
quired any change. 

This is an example of the quality built 
into every United States Rubber Com- 
pany product. “U. S.” engineers stand 
ready to work with you in the improve- 
ment of any product. Consult them at 
any of our 25 District Sales Offices. Or 
write to address below. 


Another “U. S.” leader that has rolled 
up enviable records for long service is 
Matchless® High Pressure Steam and 
Pile Driver Hose. It is burst-proof, for 
the protection of the worker. 





“U.S.” Research perfects it ...“U. S.” Production builds it ...U. S. Industry depends on it. 


UNITED STATES RUBBER COMPANY 


MECHANICAL GOODS DIVISION - ROCKEFELLER CENTER, NEW YORK 20, N. Y. 
Hose « Belting « Expansion Joints « Rubber-to-metal Products « Oil Field Specialties « Plastic Pipe and Fittings « Grinding Wheels « Packings « Tapes 
Molded and Extruded Rubber and Plastic Products « Protective Linings and Coatings « Conductive Rubber « Adhesives «+ Roll Coverings « Mats and Matting 
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not just in valve maintenance and service, but 
their leakproof characteristics take a load off your pumps, 
compressors and accumulators. We have seen cases where 
cylinders needed frequent repacking because of tempera- 
ture build-up in the lines, and restricted or leaky valves 
were the cause. 
Experience has shown that Shear-Seal Valves wear-in 
where others wear-out. Write for Bulletin BVM-2 describ- 
ing the Shear-Seal principle in detail, and send for catalog 
on shut-off, selector, and dual pressure valves for service 
ranging from vacuum to 6000 P.S.I. air, water and 
hydraulic oil. 


BARKSDALE 
VALVES 


5125 ALCOA AVE., LOS ANGELES 58, CALIF. 


Noteworthy Patents 





pact, the valve construction eliminates chattering dur- 
ing operation, permits handling of large flow volumes 
and facilitates assembly and maintenance. Several 
modifications for adapting the valve to varying pres- 
sure and temperature conditions are also described. 


Avromatic FRICTION ADJUSTMENT, propor- 
tional to speed, is obtained with “floating” flat springs 
in a centrifugal clutch detailed in patent 2,626,034. 
Clutching action is provided by shoes faced with brake 
lining and pivoted at one end in resilient bushings 
mounted to the driving member, which swing out un- 














der rotation to engage a drum on the driven member. 
Centrifugal force of engagement is controlled by flat 
springs freely mounted across the back of the shoes in 
stamped fittings which abut and are restrained by pin 
stops. Assuring positive engagement and release, 
clutch construction also minimizes wear and facilitates 
assembly and maintenance. The patent has been as- 
signed to the Fawick Airflex Co. by Thomas L. Fawick. 


P RECISION FLOW CONTROL of small fluid 
amounts at low pressures is afforded by a novel rotary 
pump designed by Roger G. Olden. Described in pat- 
ent 2,629,333, the pump consists of a heavy wire ro- 
tor wound in the shape of a helix which constricts, at 
its outside diameter, one or more hoses mounted paral- 


lel to the helix axis. Rotation of the rotor about its 
own axis progressively constricts each hose to provide 
a pumping and suction action. Uniform flow is as- 
sured and the quantity pumped is determined by the 
pitch of the helix and the rotor speed. Compact in 
construction, the pump may be used to deliver several 
different liquids simultaneously by varying the ar- 
rangement of hose sections. Assignee of the patent 
is the United States of America as represented by the 
Atomic Energy Commission. 


Copies of all patents presented in this department 
may be obtained for 25 cents each from The Commis- 
sioner of Patents, Washington 25, D. C. 
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